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1.1 Interpretation of smiling as an emotional behavior 
 
The importance of the smile is only truly appreciated when one is no 
longer able to laugh. Such is the case in Bell‘s palsy, a paralysis of the 
seventh facial nerve. The loss of the ability to laugh is seen by the 
sufferer as a loss of acceptance by others. This is so grave that the 
sufferer often retracts from society and alters his/her behavior in such a 
dramatic way, that it demonstrates the importance of laughing as a 
communicative factor and highlights its impact on the individual.1 The 
example of Bell‘s Palsy shows that the facial musculature has a unique 
ability to display the expressions of the mind.2  
The smiling process involves a considerable part of the facial 
musculature. Zufferey3 distinguishes between the smiling muscles, which 
elevate the lips, the direct labial tractors and the indirect labial tractors. 
The direct labial tractors consist of the medial part of the musculus 
levator labii superioris alaeque nasi, the musculus levator oris superioris, 
and the musculus zygomaticus minor. The indirect labial tractors elevate 
the lips with intervention of the modiolus, a fibro-vascular structure 
situated about 1.5 centimeters from the labial commissura (mouth 
corner). The indirect labial tractors consist of the musculus zygomaticus 
major, the musculus levator angulis oris, the musculus buccinator, the 
musculus risorius, the musculus depressor angulis oris, and the platysma 
pars modiolaris. 
Smiling and laughing can be considered as part of expressive 
behavior.4 The term ‗expressive‘ is used because the viewer attributes an 
emotional state to the person, even when there is no direct reason for this 
behavior. Expressions affect an interaction of individuals with their 
environment. Some expressions have an actual functional meaning 
because they help to perceive, protect etc., for instance, narrowing the 
eyes for a better view in the distance. An important indication, according 
to Frijda4, is that expression is an outing with the goal of relational 
behavior. The purpose of this behavior is believed to initiate contact with 
the environment, to maintain contact or to prevent it. It allows the 
organism to be in a state of behavioral preparedness or not, irrespective 
of the importance of the contact. Until now a satisfactory functional 
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explanation for smiling and laughing as an expression of humor, 
happiness, or joy has not been found. It does seem, however, that 
laughing and smiling belong to different behavioral systems. Frijda4 has 
come with different suggestions for the smiling expression.  
An interpretation of the smile is the manifestation of a positive 
mood, or in other words a feeling of joy or happiness. Then, the smile 
will appear in situations of contentment with no close involvement, but 
rather a certain distance to the situation. When there is close 
involvement, for instance, in case of fascination for a game, a person is 
less likely to smile. Happiness as an interpretation of smiling, an 
expression of emotion, is also criticized. According to Fernández-Dolls 
and Ruiz-Belda5, happiness is not a sufficient or necessary cause of 
smiling. Their suggestion is that social interaction is the factor that 
induces smiling and that happiness rather facilitates smiling, a motive-
communication approach. Provine6 regards smiling too as a 
predominantly social act, which is part of a behavioral pattern performed 
primarily in face-to-face encounters with others. In his extensive review 
to the debate between emotion-expression and motive-communication 
approaches to facial movements, Parkinson7 states that a more 
comprehensive account is required of facial movements, such as smiling, 
in social interaction. On the one side, no evidence has been found in the 
research literature supporting that a single facial movement serves as an 
unambiguous expression of emotion. On the other side, information 
communicated by facial movements is not necessarily extrinsic to 
emotion and facial movements also transmit emotion-relevant 
information.  
Another interpretation of the smile, according to Frijda4, refers to the 
smile as an outing of competence, a feeling of being master. This 
interpretation is supported by studies on smiling and laughing in small 
children. The children were found to smile in reaction to stimuli that 
tested their comprehension but which were still in reach of their cognitive 
capacities. The smile can also be interpreted as a social response, a sign 
aimed at making the other to feel positive and at ease.4 These effects have 
been noted in the long term with chimpanzees.8 They use the smile as a 
defensive gesture to make a stranger feel at ease.  
General introduction 
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Frijda4 cannot choose one out of these interpretations of smiling and 
suggests that different smiles may exist with different meanings. From a 
philological point of view we can agree on this point with Frijda.4 In the 
human vocabulary many different smiles exist, such as a happy smile, a 
contagious smile, a greeting smile, an encouraging smile, a smile of 
recognition, smiling one‘s thanks, a triumphant smile, a wry smile, and 
even a mean smile or sadistic smile. Smiling is a prominent visual signal 
that is used in all sorts of situations and emotional states of the sender. 
This is in line with Buytendijk2, who interprets the smile as an 
evolutionary process of expressive ‗technique‘. Therefore, the first smile 
of a child is just a passive reaction to the ambivalent lust feeling, found, 
for instance, by tickling. Out of this reactive smile active smiling 
develops. This smile is then an expression of the anticipation that one is 
open to the outside world and the transition of a passive feeling of joy to 
an active feeling of joy. An internal state gradually differentiates, 
influenced by self conscience and will, to a real expression. 
Basic differentiations, where the laugh and smile vary, are the more 
pronounced facial expression and vocalized exhalation in case of 
laughing. The laugh itself can be seen as a means of tension relief. The 
typical characteristics found during the laugh action, the relaxed final 
status, the almost uncontrolled feelings and reflex expressions developed, 
provide evidence of this. According to Van Hooff9, the etiology of 
laughing is situated in the play-face of the primates. An example is the 
relaxed open-mouth display of chimpanzees. Buytendijk10 gives another 
explanation and states that when persons laugh they concede their will to 
the automation of the body. He asks the question ―How is it possible that 
a man, especially as a powerful spiritual being, is able to lose contact and 
or control with his own body in such an unusual way?‖.10 This question is 
answered by the ‗eccentric positionality‘ of man which allows him the 
ability to answer borderline situations where an answer by other 
behavioral manifestations is not possible. The disruption of balance 
between body and mind is a reaction to a situation that is not grave but 
ambiguous and which can not be answered with usual behavior. This 
makes men different from animals that either find themselves in 
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situations they can answer with behavior, or situations they can not cope 
with, i.e. catastrophes. 
The given explanation that laughing is a tension reliever is true in 
the physical context as far as it concerns the psychological 
characteristics. Tension is regarded as activation, i.e. the preparedness to 
react emotionally or attentively. In almost all circumstances that lead to 
laughter, there are stimuli present that lead to activation (‗arousal‘) which 
can disappear quickly. The situation turns fast to the benefit of the 
subject, a situation in which he/she can relax.  
Next to this, laughing also has a clear social and interactive aspect. 
In company, laughter is found to be longer, louder and more frequent 
than when one is alone.6,11,12 This difference is so large that the social 
component with laughter seems to play an important role. In regard to the 
interactive aspect, the ‗contagious‘ aspect of laughter can not be ruled 
out. Often people join the group and don‘t even know why they are 
laughing. Even a persistent epidemic of laughter has been described, that 
required the closing of schools.6 Buytendijk2 points out that laughing 
only really fully develops when people are together. Finally, Frijda 4 has 
suggested that laughing possibly should be regarded as a form of 
cohesive behavior: laughing is something one does with others.  
 
 
1.2 The psychosocial importance of smile attractiveness 
 
1.2.1 Facial attractiveness and its influence on social interaction 
As mentioned in the previous paragraph, the human face appears to 
be an instrument of communication. Speech and facial expression are 
important components of the communication process. Next to this, 
physical appearance influences the interpersonal communication. Among 
the features of body attractiveness, facial attractiveness is one of the most 
important factors in physical attractiveness.13,14 Despite our civilization 
and human rational thinking, facial attractiveness plays a key role in 
social interaction. It influences among others mating success, kinship 
opportunities, personality evaluations, performance, and employment 
prospects.15-18   
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Human intuitive preference for physical beauty is supposed to have a 
biological basis, in which beauty is associated with biological 
perfection.19,20 In evolution, biological perfection has proven to be 
determinative for survival of a species and to have significant 
implications for mate selection. Neuropsychological research supports the 
theory of human conditioned behavior towards physical beauty: the 
medial orbitofrontal cortex (OFC) appeared activated when confronted 
with an attractive face.21 The finding of responses in the OFC, a region 
known to be involved in representing stimulus-reward value, is consistent 
with the hypothesis that attractive faces can be considered to be a type of 
reward. Responses in the OFC-region were further enhanced by a smiling 
facial expression, suggesting that the reward value of an attractive face 
could be enhanced by a perceiver-directed smile. 
People often attribute personality traits to other people on the basis 
of facial characteristics.22 The image that one forms of the other would be 
determined by the cultural background and the personal attributes of the 
observer and by a process of inference whereby the observer on the basis 
of partial characteristics, for instance abnormalities, draws conclusions 
about personality. Hereby the following law applies: ‗what is beautiful is 
good‘.15 This reflects the assumption that physical beauty is linked to 
wanted social attributes. It is assumed that physically attractive people 
are socially more desired and that they are more successful and happier 
than their less attractive counterparts. It is also assumed that they are 
mentally more healthy and assertive, have more self-confidence, are able 
to better determine their own destiny and are less subject to external 
influences.15,17 This has consequences with respect to social interactions. 
In social group investigations, attractiveness predicted in men a higher 
status, associated with a higher amount of respect, influence, and 
prominence in the eye of the beholder.23 Perceived social status and facial 
attractiveness of men are important to women, when dating and marrying. 
In this way facial attractiveness can generate positive social feedback. 23,24 
Evidence from several studies also suggest that people marry a partner 
with a similar degree of physical attractiveness, or a partner who can 
compensate lower attractiveness with other things like wealth or status.16  
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Facial attractiveness studies assume that stereotypical opinions about 
physical attractiveness exist and demonstrate that the manner in which 
people are approached and treated, is dependent upon their physical 
attractiveness: meta-analysis of facial attractiveness studies showed that 
attractive children and adults are judged and treated more positively than 
unattractive individuals, even by those who know them.25 Alternatively 
negative personality traits are attributed to people with facial deformities. 
Already in 1951, Mc Gregor wrote about the preconceptions towards 
people with a facial deformity and described how this can place them in a 
negative social and economic position. Moreover, this can lead to a 
disturbed attitude towards oneself.22 Heldt et al.26 found that even if 
corrective surgery leads to a positive cosmetic result, psychological help 
is often needed in the long term to deal with the personality problems 
stemming from facial deformity. Interestingly, Mc Gregor found that 
patients with mild facial deformities had more personality problems than 
people with severe deformities.22 People with severe deformities receive 
predictable and consistent reactions and thereby learn to cope with them. 
People with mild deformities are confronted with unpredictable and 
inconsistent reactions, whereby their feelings of fear are magnified and 
adequate coping mechanisms are not fully developed.22 An additional 
suggestion for the differences in personality problems could be that 
people with severe deformities develop other frames of reference 
compared to people with mild deformities. It is conceivable that people 
with severe deformities take example by others with similar deformities, 
whereas people with mild deformities use others without deformities as 
their frame of reference. 
It can be summarized in respect to the meaning of one‘s appearance 
that the social adaptation and chances of success seem to be improved by 
the attractiveness of the face 
 
1.2.2 Social judgment of smile attractiveness 
The oral area is the centre of communication and expression in the 
face and in social interaction our attention appears mainly directed 
towards mouth and eyes of the talker's face.27 This could be a reason that 
the smile is one of the most important forms of facial expression. 
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According to Holzhauer and Van Minden,28 there appears to be a great 
variance in the way people perceive others. Three factors can influence 
the perception of others: the physiological and psychological status of the 
observer and the characteristics of the one being observed. Because 
judgment of others is very subjective, it is hard to separate the 
characteristics of the other and the state of the observer. It is being found, 
in line with ‗gestalt‘ psychology, that people have the tendency to take in 
the whole rather than individual parts. Therefore, when one is looking to 
a face the collection of parts, i.e., the eyes, nose, mouth, hair, and ears, is 
seen as a whole. It is only when one is deliberately focusing on a 
particular aspect that it will be seen as separate from the face. It can be 
assumed that the mouth and teeth are initially judged within the context 
of the whole face. 
A bright smile is associated among others with intelligence, 
sympathy, extraversion, and attractiveness.24,29 Moreover in studies with 
photographs, higher intellectual and social abilities were attributed to 
individuals with esthetic smiles.30,31 
In a study of Eli et al.30 on first impressions, the esthetic appearance 
of the teeth during smiling was found to be more important when judging 
persons of the opposite sex, than when judging individuals of the same 
sex. Perception of attractiveness should appear automatically whereby 
sex stereotype memory frames analyze these perceptions in the brain. 
This led to the assumption that men are able to differentiate on the basis 
of attractiveness between people with as little as a glimpse.30 These 
capacities are presumably so well developed because they can play a 
critical role in mate selection and therefore have a significant biological 
meaning in evolution.  
In the dental literature various studies have determined how laymen 
perceive the esthetic value of mouth and teeth. Within the context of 
esthetic dentistry, research has been carried out that focuses on the 
question which characteristics of the smile are found to be important .32,33 
In addition, from an orthodontic perspective research has been carried out 
regarding how far irregularities of teeth and mouth are noticed by a 
layman and what value is placed upon them.34-39 Next to this, studies 
from an orthodontic as well as from a maxillofacial surgery and plastic 
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surgery perspective focused on the perception by others of larger jaw and 
facial deformities. These latter studies fall outside the context of this 
thesis. Therefore, they will not be dealt with here. However, we may 
refer to them occasionally. 
Studying which characteristics of a smile are found to be attractive  
on photographs, Dunn et al.32 concluded that tooth color was the most 
important factor. This fact was specified by a questionnaire study of 
Vallitu et al..33 Especially younger people between 18 and 35 years 
considered white teeth during smiling as most important. With older age 
the importance of the appearance of the smile seemed to be decreasing.  
From an orthodontic perspective several studies focused on the 
question to what extent irregularities of teeth and mouth on photographs 
are noticed by laymen and what value is placed upon them.34-38 With 
manipulated photographs the influence of upper incisor protrusion, 
anterior crowding, a missing incisor, a central diastema, a midline 
deviation, and the effect of an operated cleft lip were investigated.35,36 
The results showed that faces with regular incisors scored higher on 
attractiveness. It was also demonstrated that in that case more positive 
personality characteristics were attributed. Children, showing regular 
teeth on the photographs, were assessed by other children as more 
favorable as peer, to be more intelligent and less aggressive than the 
children, showing irregular teeth or an operated cleft lip. Also young 
adults assessed peers, who displayed irregular teeth on photographs, to be 
less intelligent, less attractive, and belonging to a lower social class than 
those displaying regular teeth on the photographs. A similar study in 
young adults confirmed these results.37 The faces showing incisal 
crowding and median diastema, were ranked significantly less intelligent, 
less beautiful, less sexually attractive, and judged to belong to a lower 
social class than the same faces showing an ideal occlusion. Protrusion of 
the upper incisors was rated as less negative than other orthodontic 
problems. However, the fact that protrusion is less obvious on frontal 
photographs can be a confounding factor. Besides in some cases the 
overall facial attractiveness dominated over the orthodontic problems.35,36  
The findings from the studies reviewed above make clear that the 
perception of the mouth and teeth within the face is a complex process, 
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whereby the visual registration in the brain of the observer is transferred 
into impressions. Harmony and symmetry of the teeth, gums, and lips 
during smiling appear to play an important role in the initial appraisal of 
the face. When the mouth leads to disharmony of the face, people receive 
a less favorable impression of the face. People thereby are more inclined 
to attribute less positive characteristics to the individual.  
 
1.2.3 Self-perception of smile attractiveness and satisfaction 
Perception of others and self-perception can diverge.40 Therefore, 
major questions are how individuals judge their dental appearance and 
how these judgments correspond with the professional dental view. In 
addition, the individual perception of possible abnormalities of one‘s own 
mouth and teeth forms an important factor in the need for dental 
treatment. This is especially so for orthodontic treatment whereby one 
needs to evaluate in how far professional treatment goals are appreciated 
by the patient.  
Studies in the context of orthodontics mainly concentrated on self-
perception of the position of the front teeth.41-43 Epidemiological research 
in the Netherlands found that 39 percent of the subjects (age 15- 74 
years) required orthodontic treatment from a professional perspective.41 
However, it was found that only 14 percent saw the need for treatment 
themselves. In addition, the study discussed satisfaction regarding the 
position of the teeth. In contrast to expectations, dental satisfaction was 
also found within the group with orthodontic irregularities. According to 
the researchers, this particular outcome shows that patients have different 
satisfaction levels in regard to orthodontic irregularities compared with 
their dentists. In reference to dissatisfaction with the tooth position, 
Espeland and Stenvik42 concluded that in their study group the reported 
dissatisfaction was based upon real orthodontic irregularities. It has to be 
mentioned that the study group had a high self-knowledge regarding the 
orthodontic position of the front teeth.  
Espeland and Stenvik42 have distinguished three types of patients in 
regard to the perception of the orthodontic situation of the teeth:  
1. Satisfied patients with an almost ideal dental situation with only 
minor deviations from the orthodontic ideal, who appreciate the even 
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positions of their teeth as an important factor in the pleasant 
appearance of the mouth. 
2. Patients who do not react to small irregularities from the orthodontic 
ideal. Here one can discern two subgroups.  
2a  Satisfied patients with an accurate self-perception of the orthodontic 
irregularities, who find these irregularities acceptable. 
2b  Satisfied patients who are not aware that they have an orthodontic 
problem. Possibly because they do not view their problem as an 
orthodontic irregularity, or because they do not perceive any 
irregularity at all. 
3. Patients who do not accept small deviations from the orthodontic 
ideal. They are acutely aware of these irregularities and voice their 
dissatisfaction. 
Neumann et al.44 examined not only the orthodontic position related 
to satisfaction, but also other dental variables such as missing teeth, 
discolored teeth, and the presence of visible restorations. These other 
dental variables proved to be stronger predictors of the satisfaction with 
the esthetic value of the dentition than the orthodontic position. Moreover 
they found large discrepancies between the clinical findings, i.e., the 
professional norms and the patients‘ satisfaction. This finding illustrates 
a striking discrepancy between the dentists‘ perception and the patients‘ 
perception of the appearance of teeth. This outcome was also found in a 
study by Jørnung & Fardal.45 We support their suggestion that prior to 
esthetic dental treatment a good anamnesis and dialogue should take 
place between the dentist and the patient.  
 
1.2.4 Smile attractiveness and self-identification 
In paragraph 1.2.1, physical attractiveness of an individual was 
found to influence social responses of others because of stereotyped 
expectations. Two main groups of theories predict that attractiveness of 
an individual has a significant influence on the judgments and treatments 
by others and on the behavior and traits of the individual itself: the 
general socialization and social expectancy theories (behavioral 
confirmation and self-fulfilling prophecy) and the fitness-related 
evolutionary theories (good genes, mate selection, and parental 
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investment).25 The socialization and social expectancy theories expect 
social stereotypes to create their own reality: facial attractiveness of an 
individual elicits social stereotypes of expectations for the individual‘s 
behavior and traits; as a result of these expectations, the social 
environment differentially judges and treats an individual; consequently, 
differential judgment and treatment cause the development of differential 
behavior and traits in attractive and unattractive individuals; individuals 
internalize differential judgment and treatment and eventually develop 
differential behavior and self-views.25,46 The fitness-related evolutionary 
theories hypothesize that physical attractiveness is a sign of fi tness, 
health, quality and ability of procreation and has become part of an 
evolutionary mechanism. Therefore attractive people are supposed to 
receive a more favorable treatment during mate selection, to be treated 
differently because people have evolved to prefer attractive people for 
their good health, and to receive more parental care as parents would 
invest more in attractive children to enhance their own reproductive 
success.25  
Meta-analysis of facial attractiveness studies have shown that 
attractive children and adults exhibited more positive behaviors and traits 
than unattractive persons.25 Facial attractiveness correlated, among 
others, with extraversion and self-confidence and self-esteem. In most 
domains attractiveness was found to be equally important for men and 
women. Other studies have reported correlations between self-reported 
attractiveness and personality traits such as self-esteem, emotional 
stability, as well as dominance,46 and self-esteem, health anxiety and less 
inhibition.47  
Dong et al.48 investigated the relationships in adults between their 
smile esthetics and personality factors. They assumed that smile esthetics 
was closely related to body esthetics and psychological state. Personality 
traits of male and female Koreans, assessed by means of the Sixteen 
Personality Factors (16PF) Questionnaire,49 were correlated with esthetic 
smile scores, assessed by a team of dentists and artists. Warm, calm, 
enthusiastic, venturesome, self-assured, group-oriented, and relaxed were 
correlated with having an attractive smile. Interestingly, only in women 
personality traits were correlated with esthetic smiles. In contrast, for 
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men no statistically significant relationships between personality traits 
and smile esthetics could be found. In spite of the limitations of the 
study, among others a small sample size, the results suggest a substantial 
relation between smile attractiveness and personality traits. Until now 
there is no further empirical support for this association, because no other 
studies could be found, where smile esthetics was correlated with 
personality traits of (non-disfigured) adult participants. 
In the orthodontic field, it has been suggested that self-esteem is 
lower in individuals with (severe) malocclusion.35,50 Helm et al.50 
reported frequent teasing of children with extreme maxillary overjets. In 
the latter study, it was concluded that conspicuous occlusal and space 
anomalies can influence an individual‘s body image, not only in 
adolescence but also in adulthood. O‘Regan et al.51 and Dann et al.52 
measured self-esteem of children prior to orthodontic treatment and again 
after treatment, but found no increase in self-esteem. In a 20-year cohort 
study of health gain from orthodontic treatment little positive effect on 
psychological health and quality of life in adulthood was reported 
either.53 In an esthetic dental treatment study in which a sample of 
patients, unhappy with their dental appearance, were treated with 
porcelain laminate veneers, however, positive changes in self-esteem 
were found.54 The results of a Body Esteem Index and Repertory Grid 
analyses were confirmed by interviews. Assessments with the Sixteen 
Personality Factor (16PF) Questionnaire49 did not show significant 
changes in self-esteem.  
In an extensive literature review, the influence of dental appearance 
on self-esteem was examined by Bull and Rumsey.55 It was found that for 
a number of life situations people place a high value on having an 
esthetic dental appearance. It was also found that very few researchers 
actually investigated this finding in real life situations. Rutzen56 did 
investigate groups that underwent orthodontic treatment and groups that 
did not, and found after 5 years no clear differences in educational level, 
having a partner or not, self-image, neuroticism and extraversion. 
According to Rutzen,56 the limited findings could be explained through 
the fact that orthodontic malposition alone is seldom used in social 
discrimination or because the untreated persons compensate in their role 
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performance. In line with this finding, Kiekens et al.57,58 concluded that 
orthodontic guidelines and ratios for attractive faces generally are too 
imperfect to explain facial attractiveness. Furthermore, Shaw35 found that 
general beauty of the face can overpower dental variances. In addition, in 
our opinion, too much attention is concentrated solely on tooth 
malposition and not enough research is done on the influence of the 
appearance of the mouth as a whole during smiling and speaking, 
including aspects such as upper lip position and exposed gingiva, size 
and color of the teeth, and position and visibility of teeth. We suspect that 
a negative influence of the above mentioned dental aspects and their level 
of display can further detract from other unattractive facial features. The 
opposite of this can also be true in the case of an ideal dentition which 
might be found to complement and enhance an attractive face.  
 
 
1.3 Dental approach of the smile line and tooth display during 
speaking and at rest 
 
1.3.1 The importance of the smile line for smile esthetics 
Harmonious lip–tooth relationships form the basis of an esthetic 
smile. It is especially during smiling that the lip-tooth relationships 
become operative as the elevation of the lips results in a display of the 
dentition. The lip-tooth relationships describe the way in which the lips 
frame the teeth during smiling. Especially the vertical position and course 
of the smiling upper lip with regard to the dentition is an important 
esthetic parameter. The smiling upper lip position is often called the 
smile line.59,60 In this thesis, smile line is defined as the projection line of 
the upper lip‘s lower edge on the maxilla when smiling.  
The appreciation of an attractive smile is not the same in all cultures. 
Examples of uncommon esthetic norms are dental transfigurements, 
practiced by many cultures worldwide,61 or upper incisors, restored with 
golden crowns, which can be noted in our multi cultural society. This 
thesis is limited to the contemporary cultural norms of the Western 
society.  
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Dentists have been developing esthetic concepts to obtain guidelines 
for establishing esthetic and natural protheses62 and restorations.63 The 
role of the smile line for an esthetically pleasing smile can be explained 
by the principles of visual perception.64 Hereby composition is the 
starting point, focusing on the existing relationships between objects 
made visible by contrasts in color, line and texture. In the case of smile 
esthetics the components of the composition are the size, shape, pos ition 
and color of the teeth, the visible gingivae, the buccal corridors and the 
lips. All these components together should form a harmonic and 
symmetric entity within a framework dictated by the outline of the lips.  
The way the teeth are positioned, central domination, regressive 
proportion, and symmetry across the midline are considered as important 
factors of unity and esthetics in the smile according to dental 
guidelines.63,64 As the teeth are silhouetted against the dark space 
between the jaws, also known as the negative space, disharmonies in 
tooth position and tooth form are more conspicuous during smiling. 65 For 
the central domination and regressive proportion in the smile 
composition, the upper central incisors are supposed to be the largest and 
furthermore are supposed to dominate the smile. The proportions of the 
remaining teeth gradually decline and are placed in an upward curve. The 
line through the gingival margins, the gingival line, harmoniously follows 
the contour of the smile line, also in the posterior maxilla. Uneven 
gingival lines create tension and disrupt the symmetry in the 
composition.66 According to orthodontists and esthetic dentists the ideal 
smile line is mostly situated at the level of the gingival line of the upper 
central incisors67-70 or two millimeters above, showing some gingival 
tissue.71,72 The gingival margins of the central incisors and canines should 
be at the same height. The margins of the lateral incisors should be 
somewhat lower following the ratio of the shorter lateral incisor 
compared to the central incisor and canine. In this way a composition 
exhibiting unity and variety is created.  
Another characteristic feature of an esthetic smile is the curve of the 
maxillary incisal edges, also called the smile arc,72,73 which is supposed 
to run parallel to the curve of the lower lip in order to establish a 
harmonious balance between the teeth and the lips. Finally, the smile line 
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is the controlling factor in which portions of the teeth, gingivae, and 
buccal corridors will be seen in a person‘s smile. The higher the smiling 
lip is elevated, the more visible the teeth and gingivae are, and the more 
prominent their role is in the esthetic value of the smile. A smile line 
which displays the entire length of the teeth and some gingival tissue is 
associated with youth. In contrast, a smile line which displays only a 
portion of the teeth results in a less youthful smile.74 According to 
esthetic dentists,63 the smile line height is not disturbed as long as the 
amount of gingivae visible is not more than 25 percent of the length of 
the tooth. An excessive display of gingival tissue during smiling detracts 
from the whole, because it causes a loss of balance in the harmony 
between lips and teeth. 
As the lip elevation and thereby the smile line is the controlling 
factor in either displaying or covering the dentition and gingival tissue, it 
is an important diagnostic criterion in dentistry. The display zone of the 
dentition, also named esthetic zone, can guide the choice and realization 
of an orthodontic, restorative or surgical therapy from an esthetic point of 
view. Therefore, it is an important diagnostic parameter in 
orthodontics,67,69 periodontics,68 prosthodontics,75 esthetic dentistry,63 
implantology,76 and maxillo-facial surgery.60 Examples of the esthetic 
zone guiding an orthodontic therapy are reduced tooth display or vertical 
maxillary excess with gingival overexposure, compensatory overeruption, 
incisal and/or posterior occlusal plane canting, soft tissue asymmetry as a 
result of upper lip canting, a flat or inverse smile arc, missing papillae, 
midline deviations, or inadequate buccal corridors. An example of 
surgical periodontology is the gingival recessions in the esthetic zone 
caused by surgical flap therapy which can result in severe esthetic 
problems. In prosthodontics functional demands can come into conflict 
with esthetic demands in the case of a high smile line: examples are the 
visible clasps of a frame prosthesis or periodontal-friendly but visible 
supra-gingival crown margins. When, for example, a first maxillary 
molar is missing, but the gap is not visible due to a low smile line and 
there are no functional problems, there is less necessity for a prosthetic 
solution than when the gap is visible due to a high smile line. An example 
in implant therapy is the complicated restoration of a harmonious contour 
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of the cervical crown area and marginal gingivae. Exposure of this area 
increases the esthetic risk of a therapy. Examples of the esthetic zone 
guiding a maxillo-facial surgery therapy are occlusal plane canting or an 
open bite with excessive gingival exposure.  
The esthetic principles of an attractive smile described above, 
however, deserve a critical remark. In spite of the relevance of the 
esthetic zone for all the dental disciplines, most guidelines and theories 
are generally based on clinical experience of dental professionals. The 
discrepancy between a dentist‘s perception and patients‘ perception in the 
appearance of one‘s teeth was illustrated in paragraph 1.2.3. Therefore, it 
is the question to what extent patients‘ perceptions and expectations meet 
these professional guidelines. 
 
1.3.2 Spontaneous smiling and speaking as a starting point for an 
esthetic diagnosis 
In the previous paragraph the smile line position and the amount of 
tooth and gingival display were considered important diagnostic criteria 
in the dental esthetic analysis of a patient. In dental literature three 
approaches can be distinguished for a smile line analysis.74,77,78 The most 
commonly used smile line analysis is the qualitative assessment.77 In this 
approach, the patient is observed by the clinician during a conversation. 
As soon as the patient smiles, the clinician observes the smile line and 
makes a qualitative judgment about its height. An advantage of this 
approach is that an atmosphere can be created in which a patient can act 
spontaneously. A disadvantage is that such a qualitative smile analysis 
lacks standardization and objective criteria and consequently is less 
suitable for scientific purposes.  
In the semi-quantitative approach, a patient is requested to smile and 
a photograph or video record is taken. Using the smile record, the 
clinician visually classifies the height of the smile line. The classification 
seems to depend on the specific aims of the study. In some studies, smile 
line heights were classified as well as the number of teeth that were 
visible during smiling.48,78,79 Other studies, especially in the prosthetic 
field, were aimed at determining at which height the margin of a crow n 
would be visible, when smiling.80,81 The semi-quantitative approach is a 
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more formal measurement method than the qualitative approach, and still 
has the advantage that it is easy and can be used quickly. The reliability 
of the semi-quantitative methods, however, is still rather unknown. 
In the quantitative approach, the height of the smile line is actually 
determined with a measuring device. These measurement methods range 
from simple to sophisticated. Some researchers have measured the height 
of the smile line at the maxillary incisor directly intra-orally with a 
ruler.71 In other studies photographs of patients were taken while smiling 
on request.59,82 Ackerman et al.83 used a computer software program for 
measuring the height of the smile line on photographs. For this purpose 
the smiling patient photographs from orthodontic records were digitized. 
Some years later, they have used digital video recording instead of 
photography.84 For the sake of standardization, the test persons were 
fixated with ear rods. The calibration took place by comparing the width 
of a tooth on the computer screen with a measurement of the tooth on a 
plaster cast. The height of the smile line on the maxillary incisors was 
determined with a computer measurement program.83 Unfortunately, no 
outcomes of reliability analyses are available for this more recent method 
using digital video recording. 
A serious drawback of the semi-quantitative and quantitative 
methods is that the patients have to smile on request. If measured directly 
on the face, the patients must also remain smiling until all the 
measurements are completed. The result is then often more the 
measurement of a grimace than the assessment of relaxed smiling. It is 
claimed that smiling on request has the advantage that it is 
reproducible,59,83 but that is not a realistic approach. A spontaneous smile 
is the natural interaction of persons in their social environment and 
should therefore be the logical focus point. Already in 1862, Duchenne 
de Boulogne observed that spontaneous and posed smiles exhibit 
physiognonomic differences.85 Spontaneous (Duchenne) smiling and 
posed smiling appear to have a different neuromuscular basis. However, 
no data is available on differences between adult lip-tooth relationships 
during spontaneous and posed smiling. The question is whether 
spontaneous or posed smiling is the most adequate starting point for 
dental esthetic and orthodontic diagnostics. 
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In most investigations the smile line is operationalized in terms of 
the visibility of the upper central incisor or the maxillary teeth. This may 
be a relevant approach for studying the smile line as such, but in every 
day interactions the visibility of the mandibular teeth and gingivae during 
smiling and speaking is relevant as well. This leads to another research 
question as to whether these teeth are also visible. Differences between 
the maxilla and the mandible are certainly relevant. In order to be able to 
answer these questions the above mentioned approaches of registration 
are no longer sufficient. Furthermore, the assessment of the lower face 
esthetics is complicated by the fact that these are not displayed in a static 
situation. Oral esthetics refers to dynamic expressions, such as smiling 
and speaking. Thus a dynamic soft tissue analysis is required for 
assessing the esthetic component in the context of the initial diagnosis 
and in periods of possible treatment progress. A spontaneous smile 
should be recorded precisely at the exact moment. Besides, the method 
should be less intrusive for the patient, i.e. no ear-rods for 
standardization. In this way the recording and measurement should 
influence the spontaneous emotions of smiling and speaking minimally. 
Therefore, a dynamic registration and quantitative measurement method 
of lip-tooth relationships during spontaneous smiling and speaking should 
be developed. 
Although quantitative methods- being the most objective approach 
for smile line determination- should be preferred, quantification of the 
smile line and tooth display might not be required for all  soft tissue 
analyses. It should be noted that semi-quantitative assessments are easier 
to perform, are more time-efficient, and do not require dedicated 
computer software. With the exception of one study,79 the semi-
quantitative assessments were based on a static photographic analysis of 
only the posed smile and did not include a spontaneous smile. 
Furthermore, no reliability analyses were given. Though further research 
is required to the subject whether a semi-quantitative approach can be 
developed for an efficient smile line assessment in daily practice and 
whether this is a reliable approach compared to quantitative 
measurements. 
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1.3.3 The dental esthetic zone during smiling, speaking, and at rest in 
an age perspective 
Time is an important factor in orthodontic and dental esthetic 
therapy. To achieve long-term esthetic results, factors such as growth, 
maturation and aging must be included in the esthetic diagnosis. When 
growing older the elastic collagen fibers gradually decrease. In 
combination with the degradation of the facial musculature and 
gravitational forces, the facial tissues sag in a medial and inferior 
direction.86 Most assumptions about changes in the dental esthetic zone 
during smiling as a result of age, are experience-based. Some authors 
report that in older people fewer maxillary teeth are visible during 
smiling because the lips have become less elastic and mobile as a result 
of aging.65,87 For the same reasons, more of the mandibular area is then 
visible during smiling. However, these observations have not been tested 
empirically and probably reflect predominantly clinical experience.  
Studies into incisor display at rest, measured with a ruler, found a 
gradual reduction of upper incisor display at a higher age.88,89 Dong et 
al.48 and Dickens et al.90 reported a decrease of maxillary incisor display 
during smiling at a higher age. Dong et al.48 also found a slight increase 
of mandibular incisor display. Unfortunately, their results were not 
statistically tested. Moreover, only posed smiling was studied. It is clear 
that these data are not sufficient. As described in the previous paragraph, 
most of the methods for smile line measurement are not designed to 
measure spontaneous smiles or speech. Consequently, limited data is 
available to serve as a guideline for lip line heights in spontaneous 
smiling and speech, particularly for the adult population. Therefore, more 
data about aging effects on the esthetic zone is required to make realistic 
assumptions of long-term effects of dental therapy in the phase of 
diagnosis and treatment planning. 
 
 
1.4. Objectives of the thesis 
 
Due to the increasing emphasis on physical aspects in modern 
Western society (the body beautiful), the role of male attractiveness, next 
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to female attractiveness, has been emphasized more and more. The 
esthetic aspects of the smile, including smile line and lip position, have 
until now received only limited attention from researchers. However, 
these aspects are crucial with respect to facial attractiveness and 
consequently to self-perception. It is hypothesized that the esthetic value 
of the mouth and the smile has an effect on self-image in men. This leads 
to our major research question: which esthetic aspects of the smile are 
meaningful in the self-perception of smile attractiveness and 
consequently contribute to body-satisfaction? Furthermore, it is 
hypothesized that this self-image affects self-esteem and particular 
personality traits.  
In the introduction also the clinical and scientific importance of the 
smile line and tooth display during smiling and speaking were 
emphasized. Now that esthetic values of the dentition have been awarded 
a very prominent place in modern dentistry and maxillo-facial surgery, 
analysis of the smile and functional lip positions should not be excluded 
from the dental plan of treatment. An adequate and reliable method for 
smile recording and analysis is therefore required. Little research, 
however, has been performed into the measurement of the smile line and 
functional lip positions. Moreover, most methods for smile assessment 
are not designed to measure spontaneous smiles. A specific aim of this 
thesis is to investigate a new method, in the sense of method 
development, for registration of a spontaneous smile and speech. Starting 
points guiding the development are: (1) a spontaneous smile can be 
recorded precisely at the exact moment, (2) standardization will interfere 
minimally with the subject‘s natural behavior, (3) lip lines and tooth 
display during speaking can be investigated, and (4) the technique will be 
simple, inexpensive and feasible for the clinician.  
The development of such a new method for the assessment of 
spontaneous smiling leads to the research question whether spontaneous 
smiling records can be complementary to posed smiling records for 
esthetic diagnosis. This results into a specific aim of this thesis: to 
analyze differences in tooth and gingival display and lip-line heights 
between the spontaneous smile of joy and the posed social smile.  
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In addition to the actual smile and lip-line heights also the effects of 
maturation and aging must be included in the esthetic diagnosis in order 
to achieve long-term functional and stable solutions in an esthetic 
perspective. To gain insight into changing smile lines and tooth display 
when growing older, a specific aim of this study was to analyze lip-line 
heights and age effects in an adult male population during spontaneous 
smiling, speaking, and natural rest position.  
Next to the assessment of the smile line in the esthetic diagnosis, 
attention can also be given to tooth display during speaking and at rest. A 
specific aim of this thesis is to determine whether lip-line heights follow 
a consistent pattern during spontaneous smiling, speaking, and at rest.  
Although quantitative methods are the most objective approach for 
smile line determination, quantification of the smile line and tooth 
display might not be required for all soft tissue analyses in daily practice. 
Since semi-quantitative estimations of lip-line heights and tooth display 
are easier to perform, are time-efficient, and do not require dedicated 
computer software, the question is whether this approach is a reliable and 
valid instrument for clinical practice compared to quantitative 
measurement. The final aim of this thesis is to scrutinize semi-
quantitative estimation of smile line height and tooth display, to test its 
reliability and validity, and to compare it with a quantitative 
measurement method. 
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Summary 
 
Introduction: Tooth display and lip position in smiling and speech 
are important esthetic aspects in orthodontics and dentofacial surgery. 
The spontaneous smile and speech are considered valuable diagnostic  
criteria in addition to the posed social smile. A method was developed to 
measure tooth display in both smile types and speech. 
Methods: The faces of 20 subjects were individually filmed. 
Spontaneous smiles were elicited by a comical movie. The dynamics of 
the spontaneous smile were captured twice with a digital video camera, 
transferred to a computer, and analyzed on videoframe level. Two raters 
were involved. Posed social smiles and speech records were also 
included. Reliability was established by means of the generalizability 
theory. It incorporated rater, replication, and selection facets. 
Results: Generalizability coefficients ranged from .99 for anterior 
teeth to .80 for posterior teeth. The main sources of error were associated 
with rater and selection facets. The replication facet was a minor source 
of error.  
Conclusions: This videographic method is reliable for measurement 
of tooth display and lip position in spontaneous and posed smiling and 
speaking. Application of the method is warranted especially when 
obtaining an emotional smile is difficult, such as cleft lip and palate or 
disfigured patients. (Am J Orthod Dentofacial Orthop 2007;131:301.e1-
301.e8)
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2.1 Introduction 
 
The smile is an important form of facial expression.1 Facial 
expressions and physical attractiveness in general form essential parts of 
social interactions.2,3 Nowadays, the smile is even more important 
because of its increasing role in the esthetic ideal. A bright smile  
is associated with intelligence, sympathy, extroversion, and 
attractiveness.4,5 Moreover, in studies with photographs, higher 
intellectual and social abilities were attributed to people with esthetic 
smiles, who were also judged to be more attractive than the same people 
with modified lower-level esthetic smiles.6-8 
An esthetically pleasing smile depends not only on components such 
as tooth size, shape, color, and position, but also on the amount of visible 
gingivae and the framing of the lips. All these components should form a 
harmonic and symmetric entity. The lips are the controlling factor in 
which portions of the teeth, gingivae, and dark spaces will be seen in a 
person‘s smile.9 Yet, the higher the lip is elevated when smiling, the more 
visible the teeth and gingivae are, and the greater their role in the esthetic 
value of the smile. 
In the dental literature, the smiling upper lip position is often called 
the smile line.10-14 Sometimes synonymous terms are used, such as 
smiling lip line,15,16 upper lip line,17 upper lip height,18 lip line,9,19-21 and 
high, average, and low smiles.22,23 It is a source of confusion that smile 
line9,24-26 and smiling line27 are also used to indicate the relationship 
between the curve of the lower lip and the curve formed by the incisal 
edges of the maxillary incisors.17,28-32 In this article, ―smile line‖ is 
defined as the projection line of the upper lip‘s lower edge on the maxilla 
when smiling. It is used as a diagnostic parameter in orthodontics ,15,16,18,33 
periodontics,20,21,34 prosthodontics,35,36 esthetic dentistry,9 implantology,37 
and oral surgery.11,13 Esthetic starting points are that the smile line height 
should be about the level of the gingival margins of the maxillary central 
incisors15,18,20,38 or show some gingiva.12,30 Furthermore, the continuous 
gingival contour should be parallel with the smile line.9,12,21 The most 
ideal incisal line of the maxillary dentition is established in relation to the 
curve of the lower lip.17,28-32 
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In the dental literature, 3 approaches are suggested to determine the 
height of the smile line: the qualitative,39 the semi- quantitative,22,23,25,40 
and the quantitative approaches.10,12,13,17,28,29,31,41 In the qualitative 
approach, the orthodontist observes the patient. As soon as the patient 
smiles, a qualitative statement about the height of the smile line is made. 
In the semi-quantitative approach, a patient is asked to smile, and the 
smile is recorded by a photograph. With this photograph, the height of 
the smile line is visually classified. In the quantitative approach, the 
smile line height is determined with a measuring instrument. The 
methods in this approach range from simple to sophisticated. Ackerman 
et al17,28,29 and Sarver and Ackerman31 used computer software programs 
for measuring smile line height and tooth display. At first, digitized 
smiling photographs from orthodontic records were measured. Later, they 
used digital video cameras for smile registration. 
A drawback of most semi-quantitative and quantitative methods is 
that only posed smiles were measured. It is claimed that smiling on 
request has the advantage that it is reproducible,10,17 but the question is 
whether the posed social smile is the same as a spontaneous smile of joy. 
The smile is not a singular category of facial behavior. In 
psychophysiology, a distinction is made between emotion-elicited 
spontaneous smiles and voluntary posed smiles. It appears that emotional 
and nonemotional facial activities originate from different areas of the 
brain (subcortical and cortical motor strips, respectively) and appear in 
the face through different motor systems (extrapyramidal and pyramidal, 
respectively). The emotion-elicited spontaneous smile is also called 
―Duchenne smile‖.42 It differs from the voluntary posed smile by more 
muscle activity in regions other than the zygomaticus major muscle, such 
as the orbicularis oculi pars lateralis muscle and the depressor angulis 
oris muscle.43,44 The orbicularis oculi pars lateralis muscle contracts the 
outer portion of the eye; this cannot be done voluntarily by most people. 
Because of the unconscious character of the spontaneous smile, it can be 
seen as a person‘s authentic smile expression. 
Emotional backgrounds influence a voluntary posed smile.45 A well-
known phenomenon in clinical practice is that patients guard their smiles 
because of dissatisfaction with them. When asked for a posed smile, they 
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show only what they consciously or subconsciously want to present.9,11 
Another example of interfering emotional factors on the posed smile is 
feelings of shame by victims of undisclosed childhood sexual abuse. 
Their social smiles appeared to be considerably less expressive.46 
On the basis of some structural differences mentioned above 
between spontaneous and posed smiles, spontaneous smiling is a logical 
focus point in smile diagnostics. This is in line with recommendations of 
oral surgeons11 and esthetic dentists.9 Also, Ackerman et al29 proposed 
that an orthodontist should view the dynamics of anterior tooth display as 
a continuum delineated by the time points of rest, speech, posed social 
smile, and Duchenne smile. Most methods for smile measurement, 
however, are not designed to measure spontaneous smiles. Moreover, ear 
rods are often used to standardize head position. This is not a favorable 
position to elicit a spontaneous smile from a patient.  Therefore, the 
development of a less interfering registration method for the smile was 
studied. Central ideas guiding the development were that (1) a 
spontaneous (Duchenne) smile can be recorded precisely at the exact 
moment, (2) standardization should interfere minimally with the subject‘s 
natural behavior (e.g., no ear rods), (3) the visibility of the teeth when 
speaking can be investigated, and (4) the technique should be simple, 
inexpensive, and feasible for the clinician. The aims of this study were to 
develop a dynamic registration method for assessment of spontaneous 
smile and speech and to subject this method to an extensive reliability 
test with regard to differences between raters (intrarater and interrater 
reliability), between records of the same subject, between types of teeth 
(anterior teeth, premolars, and molars), and between spontaneous smiling, 
posed smiling, and speech. 
 
 
2.2 Material and methods  
 
Twenty men were selected at random from an air force base. All 
were native white Dutch and ranged from 35 to 55 years of age. Selection 
criteria were full maxillary and mandibular arches up to and including 
first molars, no excessive dentofacial disharmonies, and no caries or 
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periodontal diseases. In this study, there was no need to differentiate  
between age or sex. Informed consent was obtained from the subjects 
according to the guidelines of the Academic Centre of Dentistry 
Amsterdam. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Digital videographic records: spontaneous smile of joy, posed social smile,  
   speech, and full dentition. 
 
Four digital video recordings were made of each subject: 
spontaneous smile of joy, posed social smile, speech, and full dentition 
with the aid of cheek retractors (Figure 1). The full dentition was 
measured to obtain the actual lengths of tooth crowns. All recordings of a 
subject were taken during 1 day.  
The video recordings were made in a setup consisting of a chair with 
a digital video camera (XM 1 [3 CCD], Canon, Tokyo, Japan), a 
television set, and 2 spotlights mounted in front of the chair (Figure 2). 
The television screen was placed at eye level. When the visual axis was 
horizontal, the subjects kept their heads mainly in a natural head 
position.47,48 The video camera was adjusted to the subject‘s mouth level 
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at a 55-cm distance and continuously registered the face. To prompt 
spontaneous smiling, the subjects watched television fragments of 
practical jokes, which had been assessed by a panel as the funniest from a 
film of 50 practical jokes. The subjects were unaware of the exact aim of 
the study. While watching the television, the subjects wore glasses with a 
clipped-on reference standard to enable calibration in a digital 
measurement program. In this way, a maximum spontaneous smile was 
recorded with minimal intrusion of the subject. After the video 
registration, the digital recordings were transferred to a computer. Then, 
the dynamics of smiling and speech could be observed frame by frame. 
The video frames of smiling and speech with maximum visibility of teeth 
and gingivae in both jaws were selected. If these criteria could not be 
realized in a single frame, several video frames were selected. 
 
 
Figure 2.  Digital videographic method: schematic reproduction of test configuration. 
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Figure 3.  Digital videographic method: measurement of maxillary central incisor.  
  Line 1, Most incisal point; line 2, lip edge. 
 
The selected video frames, referred to as the records, were measured 
with the help of the Digora program for dental radiography (Orion 
Corporation Soredex, Helsinki, Finland). For each record, the 
measurement program was recalibrated with the filmed reference 
standard. On the smiling and speech records, displays of teeth and 
gingivae were measured. Length of teeth was measured on the full 
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dentition record. In the maxilla and mandible, a central and a lateral 
incisor, a canine, a first and a second premolar, and a first molar were 
measured. The most incisal point of each tooth and the lip edge were 
marked with a horizontal line, parallel to the pupil line (Figure 3). The 
vertical distance between these lines was measured. If a tooth was not 
visible, tooth display was denoted as zero.  
 
Table 1.  Design of study 
 
 
Analysis of sources of error: part 1, A vs B—evaluation of rater facet (interexaminer reliability); part 
2, B vs C—evaluation of selection facet (video captures 1 and 2); part 3, C vs D—evaluation of 
replication facet (intraexaminer reliability); part 4, A vs C, A vs D—joint evaluation of facets. 
 
To test the suitability of the method for general use, the 4 situations 
(full dentition, spontaneous smile, posed social smile, and speech) were 
captured twice (selections 1 and 2), and 2 raters were included in the 
setup of the study design (Table 1). This resulted in a total of 3840 
measurements (20 subjects x 4 situations x 2 selections x 2 ratings x 12 
teeth). Based on this design, various sources of error could be analyzed. 
Four parts of the study design were defined in which 4 aspects were 
investigated: the error related to different raters (part 1), different records 
of the same subjects (part 2), replications with the same rater (part 3), and 
combinations of different raters and records (part 4). Part 4 addresses the 
measurement method in clinical settings; the other parts were included to 
investigate the importance of the various potential sources of error.  
 
2.2.1 Statistical analysis 
The accuracy of the measurements was estimated by the 
generalizability theory.49,50 The accuracy is expressed in the 
generalizability coefficient (GC) and the standard error of measurement 
(SEM). The GC is a measure related to the intraclass correlation for 
analyses when several observed factors (facets) influence a measurement. 
Selection (video capture) Rater 1 Rater 2 Rater 2 
1 A B  
2  C D 
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In dentistry, the generalizability theory was successfully applied 
previously.51,52 
In the context of the generalizability theory, a distinction was made 
between differentiation facets (aspects of the units of analysis that we 
wanted to investigate) and instrumentation facets (measurement 
procedure).50 In this case, subject and teeth are differentiation facets; 
rater, selection, and replication are instrumentation facets. In the 
generalizability theory, the influence of these facets are investigated by 
computing the amount of variance they take into account.  
These analyses were performed for the 4 parts of the study defined 
in Table 1. In part 4, there were 2 sets of measurements that could be 
used for the analysis (A vs C and A vs D). For this part, the mean value 
of the 2 sets is given. Moreover, for the analyses, types of teeth were 
clustered (anterior teeth, premolars, and molars) to study the effect of 
tooth position (anterior vs posterior) on reliability. 
 
 
2.3 Results 
 
Table 2 shows the means and standard deviations for the 
measurements in the 4 situations. During spontaneous smiling, the 
maxillary teeth and the gingivae were displayed more than in any of the 
other situations.  
In Table 3, the GC and the SEM were calculated for part 4. There 
was high conformity between the measurement values: the GCs varied 
between 0.99 and 0.80, with an average of 0.94. Sometimes teeth were 
not displayed during smiling or speech. For some types of teeth, this 
occurred in more than 50% of the cases. Then no values were reported 
because this could lead to flattered reliability results. Table 3 shows that 
conformity between the observations decreased when the observations 
were localized more to the posterior. This had consequences for the 
accuracy of the measurements as can be concluded from the increasing 
SEM.  
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Table 2.  Means and standard deviations (mm) of tooth and gingival display in  
  4 situations 
 
 
*Full dentition: actual length of tooth crowns. 
I1, Central incisor; I2, lateral incisor; C, canine; P1, first premolar; P2, second premolar; M1, first 
molar. 
 
 
Table 3. Generalizability coefficient (GC) and standard error of measurement (SEM 
 in mm) for part 4 (joint evaluation of facets) 
 
 
---/---, no display of teeth in >50% of subjects.  
 
 I1 I2 C P1 P2 M1 
Situation Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Maxilla       
 Full dentition* 10.8 (1.3) 9.6 (1.3) 10.7 (1.3) 8.4 (1.0) 7.6 (1.0) 7.2 (0.8) 
 Spontaneous smiling 11.2 (2.7) 11.2 (2.8) 11.7 (2.9) 11.4 (2.9) 10.5 (3.1) 9.0 (3.6) 
 Posed smile 9.7 (3.7) 9.5 (3.8) 9.6 (4.0) 8.8 (3.8) 7.7 (3.8) 5.0 (4.3) 
 Speech 8.1 (2.5) 7.5 (3.1) 6.4 (2.8) 5.6 (3.0) 4.3 (3.2) 2.4 (3.0) 
Mandible       
 Full dentition* 8.5 (1.9) 9.2 (1.7) 10.2 (1.5) 8.4 (1.3) 7.2 (1.0) 7.2 (1.0) 
 Spontaneous smiling 3.9 (2.8) 3.6 (2.8) 2.9 (2.5) 1.3 (1.8) 0.5 (1.1) 0.2 (0.8) 
 Posed smile 2.9 (2.6) 2.6 (2.4) 2.1 (2.2) 1.1 (1.6) 0.4 (1.1) 0.3 (0.8) 
 Speech 6.6 (3.4) 6.5 (3.2) 5.3 (2.7) 3.4 (2.6) 1.8 (1.9) 1.1 (1.7) 
 Maxilla  Mandible  Maxillary 
 Anterior Premolars First molar  Anterior Premolars First molar central incisor 
Situation GC (SEM) GC (SEM) GC (SEM)  GC (SEM) GC (SEM) GC (SEM) GC (SEM) 
Full dentition 0.96 (0.3) 0.85 (0.4) 0.80 (0.4)  0.97 (0.3) 0.92 (0.4) 0,82 (0,4) 0.97 (0.2) 
Spontaneous 
smiling 0.98 (0.4) 0.96 (0.6) 0.85 (1.4)  0.98 (0.4) ---/--- ---/--- 0.98 (0.3) 
Posed smile 0.99 (0.3) 0.99 (0.5) 0.92 (1.2)  0.99 (0.3) ---/--- ---/--- 0.99 (0,3) 
Speech 0.97 (0.5) 0.95 (0.8) ---/---  0.98 (0.5) 0.94 (0.7) ---/--- 0.95 (0.5) 
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The dynamics of the registered situation also played a role in the 
accuracy of the measurements. The posed social smile was a more static 
recording; spontaneous smiling was more dynamic, and, during speech, 
the lips moved a great deal. The difficulty of selecting the optimal image 
increases so that there is a greater chance of discrepancies between the 
first and second selections. These dynamics are shown in Table 3 by the 
decreasing GCs and the increasing SEMs. In addition to the types of 
teeth, the last column in Table 3 shows the GCs and the SEMs for the 
maxillary central incisor so that the reliability of this method could be 
compared with other research methods when measurements were only 
taken at the maxillary central incisor. The values in Table 3 address the 
situation in which all sources of error were incorporated. To assess the 
influence of these sources separately, the reliability estimates for the first 
3 parts are shown in Table 4. It shows that the reliability coefficients of 
the premolars and first molar are not so much influenced by inaccuracies 
of the actual measuring (part 3) but, rather, by the selection of the records 
(part 2) and differences of interpretation between the raters (part 1) of the 
outermost edges of the teeth and the lips. 
 
Table 4.  Generalizability coefficient (GC) and standard error of measurement (SEM 
 in mm) for spontaneous smile 
 
 
 
2.4 Discussion 
 
Until now, few researchers investigated tooth display and lip 
position, and reported reliability analyses of their methods. In the 
 Maxilla  Mandible 
 Anterior Premolars First molar Anterior 
 GC (SEM) GC (SEM) GC (SEM) GC (SEM) 
Part 1 (rater effect) 0.98 (0.4) 0.98 (0.5) 0.91 (1.1) 0.99 (0.3) 
Part 2 (selection effect) 0.98 (0.4) 0.98 (0.4) 0.86 (1.3) 0.98 (0.4) 
Part 3 (replication effect) 0.99 (0.3) 1.0 (0.2) 0.99 (0.3) 1.0 (0.1) 
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reliability analysis of Ackerman et al,17 an operator photographed 5 
consecutive posed smiles in each of 10 subjects. These pictures were 
measured digitally by 2 raters. Intraclass correlations for gingival and 
incisor exposure varied between 0.90 and 0.86. Comparability with the 
digital videographic method is somewhat compromised because the study 
of Ackerman et al17 involved posed social smiles. The high GCs in our 
study, varying between 0.99 and 0.80, show that the digital videographic 
method is a reliable way for smile line measurement; as in medical 
statistics, reliability coefficients higher than 0.80 are considered almost 
perfect.53 Peck and Peck12 established smile line measurement reliability 
with 30 double determinations at the maxillary central incisor directly on 
subjects with a ruler. Strauss et al41 photographed 20 subjects 5 times and 
measured smile lines at the maxillary central incisors and the first 
premolars. The SEMs were 0.2 mm (Peck and Peck12) and 0.3 and 0.8 
mm (Strauss et al41). In both studies, smile lines were measured from the 
gingival margin to the border of the lip and rounded to the nearest 
millimeter. With measurements rounded to the nearest 0.1 mm, the digital 
videographic method achieves a SEM of 0.3 mm for the maxillary central 
incisor; this is 2.8% (value from Table 3 expressed relative to mean tooth 
length). 
When measuring the more posterior teeth, the SEM increases. 
However, the SEMs for full dentition in Table 3 show that the length of a 
tooth can be measured accurately and that this accuracy decreases only 
slightly toward the posterior. 
There are a number of reasons for the higher posterior SEMs in the 
smiling and speech situations. During smiling, only a small part of the 
premolars and an even smaller part of the molars are visible. This makes 
selection of the optimal record for these teeth complex, and, due to the 
shadow of the corner of the mouth, visibility is sometimes poor. 
Especially when only 1 or 2 mm of a tooth are visible, there is a greater 
possibility that it will be overlooked by a rater. In spite of the low SEMs, 
the GCs for full dentition decrease more toward the posterior than for 
other situations. This is a consequence of low variances of differentiation 
facets in the full dentition situation compared with the other situations. 
Because GC is a relative measure, in situations with low variances of 
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differentiation facets, the instrumentation facets take a relative greater 
amount of variance into account. 
At first sight, the restriction of the sample to military men seems to 
be a limitation of this study. However, because our aim was to investigate 
the reliability, clinical application, and scientific application of the 
measurement method, confounding of the results is unlikely. Regarding 
the feasibility of the digital videographic method, the less intrusive 
recording of the spontaneous smile is a main advantage of this method. 
The subjects felt at ease because of the absence of interfering medical 
devices for head standardization as used in some other studies. In 
combination with the comical video, it appeared not difficult to arouse 
emotion-elicited spontaneous (Duchenne) smiles. Freedom of head 
movement was made possible by wearing glasses with a clipped-on 
reference standard. In spite of this, the subjects did not make large 
movements with their heads, according to our clinical observations. An 
explanation for this could be the natural eye-head synergy toward the 
objects observed.48 
Another important advantage of the method is that it can be used for 
other purposes at the same time. This study showed that it is possible to 
measure smile line height and tooth display not only in smiling but also 
in speech. The method allows other measurements to be made in the face 
at the same time – e.g., for facial orthopedics or facial surgery. 
Moreover, the scientific and clinical relevance of the digital 
videographic method is high. To establish perfect smiles, a diagnosis 
based only on clinical observation is inadequate.15,32 Precise 
measurements are needed when positioning the teeth and their gingival 
margins in the most attractive way relative to the smile line; especially in 
patients with reduced tooth display, unharmonious gingival contour, 
exposed posterior gingiva, occlusal cant, asymmetry of the upper lip 
when smiling, and gummy smile. The combined approach of orthodontic 
treatment and periodontal surgery in crown-length problems requires 
smile line and tooth display measurements for optimal planning of tooth 
length and gingival contour. In addition, further scientific  research in lip 
and tooth characteristics and facial esthetics is needed in groups such as 
cleft lip and palate (CLP) patients, and facial paralysis and trauma 
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patients. In particular, in CLP patients, studies analyzing smile line and 
smile esthetics are relatively rare. In addition to anatomical restrictions, 
nonverbal behavior in CLP patients is often psychologically influenced 
by negative self-esteem based on facial disfigurement. Adachi et al54 
reported infrequent and less expressive smile behavior in CLP patients. In 
these expression-inhibited groups, the digital videographic method has 
unique possibilities for research because of the capacity of recording and 
measuring emotion-elicited spontaneous smiles. An adequate smile 
analysis in other expression-inhibited groups − i.e., psychologically 
compromised patients with depression or anorexia nervosa − is also an 
application for this method. 
Those who worked with the digital videographic method found it 
easy to use. Assistants could carry out this method very well. It can easily 
be used in a clinical setting because the equipment − digital video 
camera, television set, and spotlights − is commonly available. In this 
study, calibration, measurement, and filing of the records were done with 
the help of the Digora program for dental radiography. Many dental 
radiographic and other software programs are available, containing 
digital measurement devices in which pixel distances can easily be 
calibrated. The choice of an equivalent software program is therefore 
conceivable. 
 
 
2.5 Conclusions 
 
A reliable assessment of the smile line and tooth and gingival 
display during smiling and speech can be obtained with this digital 
videographic method. Moreover, this method is suitable for clinical 
practices. In view of the increasing esthetic demands of patients with 
regard to orthodontics, esthetic dentistry, and dental surgery treatment, 
irreversible procedures in dentofacial esthetics should be undertaken only 
when adequate information is obtained regarding the smile and functional 
tooth display. 
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Summary 
 
Objectives: To investigate self-perception of smile attractiveness and 
to determine the role of smile line and other aspects correlated with smile 
attractiveness and their influence on personality traits. 
Subjects and methods: Participants judged their smile attractiveness 
with a patient-specific questionnaire. The questionnaire contained a 
spontaneous smiling photograph of the participant. Objective smile -line 
height was measured using a digital videographic method for smile 
analysis. Personality was assessed with the Dutch Personality Index. 
Results: Cronbach’s α for the smile judgment questionnaire was .77. 
The results showed that size of teeth, visibility of teeth, and upper lip 
position were critical factors in self-perception of smile attractiveness 
(social dimension). Color of teeth and gingival display were critical 
factors in satisfaction with smile appearance (individual dimension). 
Participants, smiling with teeth entirely displayed and some gingival 
display (two to four millimeters), perceived their smile line as most 
esthetic. Smiles with disproportional gingival display were judged 
negatively and correlated with the personality characteristics of 
neuroticism and self-esteem. Visibility and position of teeth correlated 
with dominance. 
Conclusion: The results of this research underpin the psychosocial 
importance and the dental significance of an attractive smile.  (Angle 
Orthod 2007;77:759-65) 
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3.1 Introduction 
 
Facial attractiveness plays a key role in social interaction. It 
influences mating success, kinship opportunities, personality evaluations, 
performance, and employment prospects.1–3 Furthermore, attractiveness is 
suggested to influence personality development and social interaction. 
Empirical evidence for this relationship is given by a meta-analysis of 
facial-attractiveness studies.4 These showed that attractive children and 
adults are judged and treated more positively than unattractive children 
and adults, even by those who know them. Attractive children and adults 
also exhibited more positive behaviors and traits. Facial attractiveness 
correlated with extraversion and self-confidence/self-esteem. In most 
domains, attractiveness was found to be equally important for men and 
women. Other studies showed correlations between self-reported 
attractiveness and personality traits such as dominance, emotional 
stability, and self-esteem5 or with inhibition, health anxiety, and self- 
esteem.6 
Facial attractiveness and smile attractiveness appear strongly 
connected to each other. The fact is that in social interaction, one’s 
attention is mainly directed toward the mouth and eyes of the speaker’s 
face.7 As the mouth is the center of communication in the face, the smile 
plays an important role in facial expression and appearance. This has 
been demonstrated in studies with photographs, where higher intellectual 
and social abilities were attributed to individuals with esthetic smiles. 
They were also judged to be more attractive than the same individuals on 
photographs with modified lower-level esthetic smiles.8,9 
An esthetically pleasing smile is not only dependent on components 
such as tooth position, size, shape, and color, but also on the amount of 
gingival display and the framing of the lips. All of these components are 
supposed to form a harmonic and symmetric entity. The lips are the 
controlling factor in which portions of the teeth, gingiva, and oral cavity 
will be seen in an individual’s smile.10 Yet the higher the upper lip is 
elevated when smiling, the more visible the teeth and gingiva are, and the 
greater their role is in the esthetic value of the smile. In studies using 
photographs of smiling individuals unknown to the observer, aspects 
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concerning smile attractiveness were extensively assessed, but in self- 
assessment studies such aspects were assessed to a lesser degree.8,9,11–14 
Indeed, studies in which participants judge the attractiveness of their own 
smiles in a mirror or on a photograph are rare.15 Moreover, because most 
portrait photographs are made with posed smiles, people seldom see how 
their smiles look when acting spontaneously. 
Assuming that smile esthetics are closely related to body esthetics 
and psychological state, Dong et al16 investigated correlations between 
personality factors and smile esthetics in 60 Koreans. Personality traits 
were assessed by means of a Sixteen Personality Factor Questionnaire 
and esthetics of social smiles were assessed by a panel. The study showed 
significant correlations of smile attractiveness with extraversion and 
anxiety. Interestingly, only personality traits of the female participants 
correlated significantly. No other studies were found, confirming this 
relation in (nondisfigured) adult participants. 
Female beauty has taken a central place in art and culture for 
centuries. In Western society however, the role of male attractiveness, 
next to female attractiveness, has been emphasized more and more in the 
past decades. Therefore, the main hypothesis of this study is that smile 
attractiveness can be a factor in body satisfaction and can influence 
personality traits also in men. 
To investigate the influence of smile attractiveness on the individual, 
several aspects of smile esthetics were surveyed in this study: effects of 
tooth and gingival display on self-judgment of smile esthetics, aspects of 
the smile that are meaningful in self-perception and satisfaction with the 
smile, and influence of smile attractiveness on personality traits. Because 
studies have shown relations between facial attractiveness and traits 
concerning neuroticism, self-esteem, and extraversion, these traits were 
included in the hypothesis. 
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3.2 Materials and methods 
 
3.2.1 Participants 
Of 1069 military men on an air force base, 122 were randomly 
selected for the study. The sample size was determined by means of a 
power analysis. Based on a pilot study an expected effect size of r = .25 
was used in the power calculation. To find such an effect with a 
probability of .80 and with a two-tailed significance level of .05, a 
sample of 121 people was needed. 
Participants were randomly selected from three age cohorts (20–25 
years, 35–40 years, 50–55 years). Selection criteria were full maxillary 
and mandibular dental arches up to and including the first molar, 
Caucasian, no excessive facial disharmonies, and no visible periodontal 
disease or caries. The research proposal was approved by the Ethical 
Committee of the Academic Center of Dentistry Amsterdam. Informed 
consent was obtained from the participants according to the guidelines of 
the Academic Center of Dentistry Amsterdam. 
 
 
Figure 1. Measurement of the smile line; Line 1: marking of the most incisal point of  
  the central incisor; Line 2: marking the lip edge on the central incisor;  
  Line 3: cervical margin of the  central incisor. Above this line the smile line  
  is positive; below the smile line is negative. a: tooth length; b: lip line height 
  c: smile line height; c = b - a. 
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3.2.2 Smile recording and measurement 
A digital videographic measurement method was used to record a 
spontaneous smile of joy and to measure the smile line height for each 
tooth in the maxilla.17 Following Peck and Peck,18 the smile-line height 
was expressed relative to the gingival margin and thus is a measure for 
tooth and gingival visibility (Figure 1). Smile-line height was calculated 
as the difference between lip-line height and tooth length. When the lip 
was above the gingival margin, positive values were given. When the 
teeth were partly covered, negative values were given.  
For each participant two smile line heights were used, the minimum 
and maximum smile-line height in the maxilla. Using a within-person 
mean score to express the smile line would result in an incorrect view, as 
the heights of the smile line between the teeth of a person can differ 
considerably. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Spontaneous photograph of the participant smiling made using the digital  
  videographic method. 
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3.2.3 Assessment of smile esthetics 
For assessing smile attractiveness, a participant-specific 
questionnaire was developed. On the left page a full smile photograph of 
the participant was printed. This record of a spontaneous smile was made 
with a digital videographic measurement method (Figure 2). The 
spontaneous smiling photograph enabled the participant to judge his 
smile more in a way as it would be judged by others. On the right page, 
participants judged perception components: (general) attractiveness of the 
smile and (general) satisfaction with the smile. Furthermore they judged 
the contribution of three major components on the esthetic appearance of 
their smiles: 
 
- General dental components: Size and color of teeth 
- Orthodontic components: Position and visibility of teeth 
- Smile line components: Upper lip position and visibility of ‘‘gums’’  
 
A five-point response scale was used, ranging from 1 (very unfavorable) 
to 5 (very favorable). 
 
3.2.4 Assessment of personality traits 
The Dutch Personality Index was used for participants’ personality 
assessment.19 It is one of the most frequently used personality assessment 
questionnaires in the Netherlands and has been used successfully before 
in dental-psychological studies. According to the hypothesis that 
attractiveness can be related to traits concerning neuroticism, self-esteem, 
and extraversion, the Dutch Personality Index was chosen for this study 
because it focuses primarily on emotional stability and extraversion. 
The Dutch Personality Index measures on seven scales: neuroticism 
(suffering from vague anxieties, bodily symptoms, depression, and 
feelings of inferiority), social inadequacy (the tendency to avoid social 
contacts and feeling uncomfortable in dealing with social contacts), 
rigidity (holding on to settled habits and principles), aggrievedness 
(criticizing and suspecting  others), self-centeredness (a strong feeling of 
satisfaction with ones self combined with disinterest in others and their 
problems), dominance (self-confidence, taking the initiative, and 
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managing others), and self-esteem (a positive attitude toward self, life, 
and work; adjusted and active). 
 
3.2.5 Data analysis 
Both low smile lines with marginal tooth display as well as high 
smile lines with excessive gingival display were considered less 
desirable.16,20 Thus, the relationship between the objective smile-line 
height and judgment of the smile esthetics was determined using a 
nonlinear quadratic regression analysis; the relation between the general 
dental, orthodontic, and smile-line components on the one hand and 
perception components on the other hand was supposed to be linear.  
Following the conventions set by Cohen, correlations of 0.10, 0.30, 
and 0.50 were considered weak, moderate, and strong, respectively. 21 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Nonlinear regression curve of the objective smile-line height and the self- 
  perception of the smile line components. 1 = very unattractive;  
  5 = very attractive. 
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Table 1.  Regression coefficients of esthetic judgments with attractiveness and  
  satisfaction as dependent variables a 
 
 
a Standardized coefficients for comparing attributes of the components; forward selection of predictors. 
b NI indicates not included   
* P < .05. 
 
 
3.3 Results 
 
3.3.1 Smile line height and perception 
Cronbach’s α of the smile judgment questionnaire was .77, and all 
items showed substantial contribution to the reliability of the scale.  
The general dental components (r = .25, P = .04) and smile-line 
components (r = .29, P = .01) showed substantial relations with the 
objective smile line. Figure 3 shows that cases where the smile line was 
positioned such that the teeth were entirely displayed and some gingiva 
(2 to 4 mm) could be seen were regarded as the most esthetic by the 
participants. Deviation from this ideal led to a less favorable judgment.  
 
3.3.2 Assessment of smile esthetics and satisfaction 
Table 1 shows the predictive ability of esthetic judgments for 
general smile attractiveness and satisfaction. The fit of both regression  
 Attractiveness Satisfaction 
   
General dental components   
 Size of teeth .29*  
 Color of teeth  .36* 
   
Orthodontic components   
 Position of teeth   
 Visibility of teeth .23*  
   
Smile-line components   
 Upper lip position .21*  
 Visibility of gums  .25* 
   
Perception components   
 Attractiveness of the smile NIb  
R  .54 .52 
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Table 2. Correlations between self-perceived smile esthetics and personality scales  
  (r), and scores of the personality scales 
 
a Italics indicates not included in hypothesis. 
b Dutch Personality Index scores are stanines: 1 = extremely low, 9 = extremely high. Norm scores in 
reference population: mean = 5, standard deviation = 2. 
* P < .05; ** P < .01. 
 
models was high. Looking at the predictability of attractiveness, size of 
teeth, visibility of teeth, and upper lip position were included in the 
model using forward selection. Because upper lip position and visibility 
of gums were conceptually and empirically close (r = .42), only one of 
the two showed a significant effect. Yet both were significant, if analyzed 
separately. The same holds true for position of teeth and visibility of 
teeth (r = .39). 
Looking at the predictability of satisfaction, color of teeth and, to a 
lesser extent, visibility of gums, were especially important for the 
participants.  
 
3.3.3  Smile esthetics and personality 
Table 2 shows the correlation between self-perception of smile 
esthetics and personality traits. Negative perception of visibility of gums 
correlated significantly with higher scores on the neuroticism scale. 
  Social      
 Neuroticism Inadequacy Self-centeredness Dominance Self-esteem Rigiditya Aggrievednessa 
        
Variables        
 Size of teeth -.00      .05      .08     .17     .00   -.01  .08 
 Color of teeth  .03      .01      .08     .08     .07   -.01  .01 
 Position of teeth -.01    -.12     -.13      .20*     .10    .06 -.01 
 Visibility of teeth -.09    -.12      .08      .24*     .12   -.15  .01 
 Upper lip position -.07    -.17     -.08     .08     .17   -.00 -.06 
 Visibility of gums     -.27**    -.16     -.04     .09       .20*   -.03 -.09 
 Attractiveness of smile  -.05    -.00      .11     .12      .01   -.05 -.09 
 Satisfaction with smile         .09     .13      .06    -.11      -.17    .01   .02 
        
Scores Dutch Personality Indexb        
 Minimum        1         1   1         1       1       1            1 
 Maximum        8         8   9        9       9       9            9 
 Mean        3.8         3.1   4.8        5.8       6.5       4.7            5.2 
 Standard deviation        1.7         1.8   1.9        1.7       1.8       1.5            1.9 
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Visibility of gums also correlated significantly with self-esteem. 
Visibility of teeth and position of teeth correlated significantly with 
dominance. 
 
 
3.4 Discussion 
 
The design of this study was relatively new in the orthodontic-
psychological field. As in literature, a clear discrepancy between self- 
perception of facial attractiveness and judgment of others was found. 
Further study of self-perception of facial and oral attractiveness was 
clearly needed to gain more insight into the oral self-image and esthetic 
satisfaction.5,6 
To this purpose an individual smile-judgment questionnaire was 
developed. When assessing smile attractiveness, the smile must be 
evaluated in the whole face because it is an expressive feature. For 
example, many movie stars have an attractive smile that is not technically 
perfect when seen from a dental perspective; however, when the smile 
fits in the face, the imperfections are not always regarded as disturbing.22 
By recording spontaneous smiles of joy, participants were able to assess 
their smiles, and approach the way their spontaneous smiles will be 
perceived by the social environment. Analysis of this questionnaire 
showed high reliability (Cronbach’s α > .70).23 
Earlier studies found attractiveness to be equally important for men 
and women in most domains.4–6 In the present study, the sample was 
restricted to military men, which has both advantages and disadvantages. 
Selection of the sample according to the criteria was accurate, because 
adequate dental documentations were present. Admittance to the air force 
implies selection according to psychological and physical criteria, which 
implies consistency of the sample. This is confirmed by the Dutch 
Personality Index scores, which showed a pattern of a psychologically 
sound population (Table 2). Furthermore, different professional groups 
within the air force were represented. This resulted in a wide range of 
educational and social levels. Facial attractiveness is not a primary 
concern for members of such a sample, as attractiveness is not a 
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professional requirement or advantage as it would be in service 
professions requiring ‘‘face-to-face’’ contacts with clients. Thus, the 
choice for such a sample may have limited the strength of the 
relationships. On the other hand, given that such a sample was used, the 
results address elementary phenomena in social interaction. 
The lips are the controlling factor in the smile. The higher the smile 
line, the more visible the teeth and gingiva are, and the more they will 
determine the appearance of the smile. Higher smile lines that fully 
display the teeth are associated with youth. Lower smile lines are 
associated more with old age, as the lips are supposed to sag when a 
person grows older.24 
In the present study, participants with smile lines situated in the 2 to 
4 mm range (full teeth and some gingival display) had the most favorable 
perception of the smile-line height. This is in accordance with Kokich et 
al,13 where laypeople considered smile-line heights in strangers with a 
general gingival display exceeding 4 mm as unattractive. In the study of 
Geron and Atalia,14 laypeople already considered 1 mm gingival display 
as unattractive. However, comparability with their study is somewhat 
compromised because it defined gingival display at the upper central 
incisors only. Higher smile lines with substantial gingival display are 
regarded in the literature as a serious esthetic problem, especially in 
males, where lower smile lines are the norm; whereas higher smile lines 
are considered to be the norm for females.14,18,24 Therapies vary from 
gingival surgery to orthodontics in milder cases.25 More severe cases 
require orthodontics in combination with surgical osteotomies.18 
Participants’ favorable self-perception of smile attractiveness as 
having a full display of teeth and some gingival display is supported by 
the results shown in Table 1. Size of teeth, visibility of teeth, and upper 
lip position are most important predictive variables for smile 
attractiveness. Appreciation of these variables by the male participants 
corresponds with female preferences for the expressive feature of a bright 
smile in men.26 A bright smile in which well-proportioned teeth are 
clearly displayed is associated with favored male qualities as dominance, 
maturity, masculinity, strength, and social competence. 
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Tooth color and visibility of gums correlated with satisfaction of the 
smile (Table 1). The fact that tooth color is one of the most impor tant 
factors in satisfaction with oral appearance is in accordance with the self-
perception study of Neumann et al.27 
Concerning self-perception of smile attractiveness and satisfaction, 
we presume a difference in self-perception of parts and the whole. 
Following the rules of the Gestalt psychology, the whole is more than the 
sum of its parts.28 Especially in the case of the mouth, self-perception 
will be influenced by psychological circumstances as the mouth plays a 
significant role in the psycho-physiologic development of the individual 
and the emotional perception in adults. 
Therefore, from a psychological point of view, we can distinguish 
two dimensions in self-perception of the smile. The first dimension is 
perception of attractiveness of the smile. This perception is especially 
defined by the opinions of others and cultural norms. The social 
dimension (field of social psychology) is relative to the history of culture. 
As cultures are changing, perception of attractiveness is changing too. 
Nowadays a bright smile has become an important aspect of facial 
attractiveness in Western culture. Indeed, in this study, attractiveness of 
the smile correlated with size of teeth, visibility of teeth, and upper lip 
position. The second dimension in self-perception of the smile is 
satisfaction with its appearance. This perception originates from the 
internal view, the inner experience of the individual itself: the individual 
dimension (field of personality psychology). Tooth color and visibility of 
gums, correlating with satisfaction in this study, can be seen as basic 
components in self-perception of the smile. White teeth and marginal 
gingival display correspond with the authentic meaning of the smile 
expression as a friendly and nonaggressive signal to others.  
Attractiveness theories predict that a person’s attractiveness can 
influence judgments and treatments by others. As a result of this, 
attractiveness can influence a person’s behavior and traits.4 Being part of 
facial attractiveness, the influence of smile attractiveness on personality 
was studied here. As hypothesized, significant relations between self - 
perception of smile attractiveness and the personality traits of 
neuroticism, self-esteem, and dominance have been found. Visibility of 
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gums correlated with both neuroticism (-.27) and self-esteem (.20). 
Visibility of teeth and position of teeth correlated with dominance (.24 
and .20, respectively). Heights of these correlations correspond with 
studies investigating self-perception of facial attractiveness where 
(significant) correlations ranged between r = .18 (dominance) and r = .27 
(self-esteem).5,6 
On the one hand, these correlations are limited. In this study, basic 
personality traits were chosen in the hypothesis. Based on the existing 
literature, attention was given to extraversion and neuroticism. However, 
a large impact of facial attractiveness on these personality traits could not 
be expected as a result of the rather stable character and the relative high 
genetic determination of these traits. On the other hand, the correlating 
traits in this study are considered important personality traits in men 
because they are associated with a masculine personality: low 
neuroticism, high self-esteem, and dominance. 
The results of this research underpin the psychosocial importance 
and the dental significance of an attractive smile. We suggest further 
study on the esthetic aspects of the oral region within the whole scope of 
facial esthetics and in the context of acceptance with one’s own body.  
 
 
3.5 Conclusions 
 
•  Size of teeth, visibility of teeth, and upper lip position are critical 
factors in self-perception of smile attractiveness (social dimension). 
Color of teeth and gingival display are critical factors in satisfaction 
with smile appearance (individual dimension). 
•  Smiles with disproportional gingival display are judged negatively 
and correlate with personality characteristics.  
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Summary 
 
Objective. To analyze differences in tooth display, lip-line height, 
and smile width between the posed smiling record, traditionally produced 
for orthodontic diagnosis, and the spontaneous (Duchenne) smile of joy.  
Material and methods. The faces of 122 male participants were each 
filmed during spontaneous and posed smiling. Spontaneous smiles were 
elicited through the participants watching a comical movie. Maxillary and 
mandibular lip-line heights, tooth display, and smile width were 
measured using a digital videographic method for smile analysis. Paired 
sample t-tests were used to compare measurements of posed and 
spontaneous smiling. 
Results. Maxillary lip-line heights during spontaneous smiling were 
significantly higher than during posed smiling. Compared to spontaneous 
smiling, tooth display in the (pre)molar area during posed smiling 
decreased by up to 30%, along with a significant reduction of smile 
width. During posed smiling, also mandibular lip-line heights changed 
and the teeth were more covered by the lower lip than during spontaneous 
smiling. 
Conclusions. Reduced lip-line heights, tooth display, and smile 
width on a posed smiling record can have implications for the diagnostics 
of lip-line height, smile arc, buccal corridors, and plane of occlusion. 
Spontaneous smiling records next to posed smiling records are therefore 
recommended for diagnostic purposes. Because of the dynamic nature of 
spontaneous smiling, it is proposed to switch to dynamic video recording 
of the smile. (Acta Odontol Scand 2008;66:207-13) 
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4.1 Introduction 
 
Dentofacial and smile esthetics have become important factors in a 
patient’s motivation for orthodontic therapy.1 From a dental point of 
view, an esthetically attractive smile is a harmonious entity of oral 
components in which the lip-tooth relationships are crucial factors,2,3 and 
to evaluate these relationships, a smiling record of the patient is required. 
Traditionally, photography is used for an orthodontic record,4 but new 
videographic and computer technologies have enabled other diagnostic 
assessments. Several authors have described a face analysis based on 
digital videography in which visual constructs such as buccal corridors 
and smile arc are important in orthodontic treatment planning.5-7 Most 
articles are descriptive and therefore do not represent new discoveries 
compelling orthodontists to apply these methods for better treatments. 
Studies evaluating the use of digital videography for developing criteria 
to aid specifically in orthodontic diagnosis are rare.3,8,9 
In the dental field, Tarantili et al.10 studied lip movements during 
spontaneous smiling in a sample of children. A videographic method was 
used. Their findings about the dynamics of the spontaneous smile raised 
concern about the validity of a single photographic capture for esthetic 
assessment. With the photographic methods available in the past, 
however, only the posed smile was considered reproducible.11,12 The 
simple and reproducible registration of a social smile is an advantage of 
the posed smile record. A disadvantage is that posed smiling can be 
influenced in its expression by the individual’s social skills and 
emotional background.13 This can result in an unnatural or asymmetric 
smile. Examples of emotional factors influencing the posed smile are: 
shame with one’s oral appearance or embarrassment about phobic dental 
anxiety.14,15 Those patients can show a learned smile or inhibited smiling 
by hiding with the lips, hands, or changing the head position. Other 
examples of interfering emotional factors on posed smiling are feelings 
of shame from victims of non-disclosed childhood sexual abuse or 
negative self-esteem of cleft lip and palate patients.16,17 
From the starting point that the spontaneous smile is an authentic 
emotion compared to posed smiling and therefore a logical focus point in 
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smile diagnostics, a digital videographic measurement method was tested 
by Van der Geld et al.18 for reliability during both spontaneous and posed 
smiling. Central ideas behind this technique were that a spontaneous 
smile of joy must be recorded precisely at the exact moment, and that 
recording it should be done with minimal patient interference. The faces 
of participants were filmed individually during spontaneous and posed 
smiling. Spontaneous smiles were elicited with the participants  watching 
a comical movie. Lip-line heights and tooth display were measured using 
a digital videographic method for smile analysis. This measurement 
method showed high reliability; not just posed smiles but also 
spontaneous smiles were measured reproducibly. Based on these results, 
further study was suggested into the relevance of this video technology 
for practical diagnostic concerns. The question remains whether 
videographic spontaneous smiling records are complementary to posed 
smiling records for orthodontic diagnosis. In an evaluation of lip-tooth 
characteristics during speech and posed smiling in adolescents, Ackerman 
et al.8 proposed viewing the dynamics of anterior tooth display as a 
continuum delineated by the time-points of rest, speech, posed social 
smile, and the spontaneous smile. However, since no data are available 
on differences between adult lip-tooth relationships during spontaneous 
and posed smiling, the aim of this study was to analyze differences in 
tooth and gingival display and lip-line heights between the spontaneous 
smile of joy and the posed social smile. 
 
 
4.2 Material and methods  
 
4.2.1 Participants 
Of 1069 military men at an airforce base, 122 were randomly 
selected from three age cohorts (20-25 years; 35-40 years; 50-55 years). 
Inclusion criteria were full maxillary and mandibular dental arches up to 
and including the 1st molar and Caucasian race. The research proposal 
was approved by the ethics committee of the Academic Centre of 
Dentistry in Amsterdam. Informed consent was obtained from the 
participants in accordance with the guidelines of that institution.  
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4.2.2 Videographic measurement of spontaneous smiling and posed 
smiling 
A digital videographic measurement method was used to capture 
records of a spontaneous smile of joy and a posed social smile (Figure 1). 
This method had been extensively tested for measuring tooth display and 
lip position during spontaneous and posed smiling, showing intra-class 
coefficients ranging from 0.99 to 0.80.18 In addition, a full dentition 
record with the aid of cheek retractors was made.  
 
  (a)              (b) 
 
 
 
 
 
 
 
 
 
Figure 1.  Examples of (a) a spontaneous smile and (b) a posed smile. 
 
On the full dentition record, tooth length was measured to obtain the 
actual length of tooth crowns. On the spontaneous and posed smiling 
records, the display of the teeth and gingiva was measured. In the maxilla 
and mandible, a central and lateral incisor, a canine, a 1st and 2nd 
premolar, and a 1st molar were measured. The most incisal points of each 
tooth (line 1) and the lip edge (line 2) were marked with a digital 
horizontal line parallel to the pupil line (Figure 2). The vertical distance 
between these lines was measured (Figure 2). 
Following Peck & Peck,19 lip-line height was expressed relative to 
the gingival margin (line 3) and is thus a measure of both tooth and 
gingival visibility (Figure 2). Lip-line height was calculated as the 
difference between lip position and tooth length (Figure 2). When the 
gingival margin was displayed, positive values were given in both the 
maxilla and mandible. When the teeth remained partly covered, negative 
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values were given. Sometimes the upper and lower lips covered both the 
gingival margin and incisal point, in which case lip-line height was 
denoted as not measurable. If a tooth was not visible, lip-line height was 
coded as missing. 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Measurement of the lip-line height.  
  Line 1: marking of the most incisal point of the central incisor.  
  Line 2: marking of the lip edge on the central incisor. 
  Line 3: cervical gingival margin of the central incisor.  
  Lip-line height is lip position minus tooth length. When the gingival margin 
  is displayed, lip-line height has positive values. When the teeth are partly 
  covered, lip-line height has negative values. 
 
Next to lip-line height, the percentages of tooth display during 
spontaneous and posed smiling were calculated for each tooth. The 
amount of tooth display was expressed as the percentage of the actual 
length of the tooth crown. If a tooth was not visible, the percentage of 
tooth display was zero.  
On the records of spontaneous smiling and posed smiling, the 
corners of the mouth were marked with a vertical line. The horizontal 
distance between the corners of the mouth was measured as the 
intercommissure distance (smile width). 
 
4.2.3 Data analysis 
Paired sample t-tests were used to compare lip-line heights and 
percentage tooth display during spontaneous and posed smiling for each 
tooth. The paired sample t-test was performed on each tooth separately, 
because the number of teeth displayed varied between situations, barring 
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a multivariate approach. The same procedure was used for the inter-
commissure distances. 
 
 
4.3 Results 
 
In Figure 3 and 4, both mean lip line heights and mean percentages 
of tooth display during spontaneous and posed smiling are shown for the 
maxilla and mandible, respectively. The graphs of lip-line heights include 
 
(a) 
 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 
 
Figure 3. (a) Means of maxillary lip-line heights in millimetres relative to the gingival  
  margin for upper incisors, canine, premolars and 1st molar, and  
  (b) means of percentage maxillary tooth display for upper incisors, canine,  
  premolars, and 1st molar. The vertical bars represent the 95% confidence  
  intervals. 
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(a) 
 
 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 
 
Figure 4. (a) Means of mandibular lip-line heights in millimetres relative to the  
gingival margin for upper incisors, canine, premolars, and 1st molar, and 
(b) means of percentage mandibular tooth display for upper incisors, canine,  
premolars, and 1st molar. The vertical bars represent the 95% confidence  
   intervals. 
 
the displayed teeth during smiling. The graphs of percentage tooth 
display also include not showing teeth with zero percent display.  
Figure 3a indicates that maxillary lip-line heights during 
spontaneous smiling are higher than during posed smiling. The course of 
both graphs is comparable and the interspaces remain relatively stable. In 
Figure 3b, the graphs of tooth display for the maxillary anterior teeth 
follow the same pattern as those of lip-line height (Figure 3a). In the 
(pre)molar area the interspaces between the tooth display graphs increase 
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towards the posterior: tooth display during posed smiling is decreased 
considerably compared to spontaneous smiling. 
The graphs of lip-line height in Figure 4a show that during posed 
smiling the mandibular teeth are more covered by the lower lip than 
during spontaneous smiling. The graphs of tooth display in Figure 4b 
show fewer interspaces in the posterior area, where tooth display is  
relatively low in both situations, i.e. varying between 19% and 1%. 
The results of the paired samples t-tests for lip-line heights during 
spontaneous and posed smiling are given in Table 1. For all maxillary 
teeth and mandibular incisors, canine, and 1st premolar, the significant p-
values strongly support the assumption of structural differences in lip-
line heights between spontaneous and posed smiling. 
 
Table 1.  Paired samples t-tests of lip-line heights during spontaneous and posed  
  smiling in the maxilla and mandible. 
 
 
The results for the paired samples t-tests for percentage tooth display 
during spontaneous and posed smiling are given in Table 2. Tooth display 
 I1 I2 C P1 P2 M1 
Maxilla       
 Mean diff. (mm) 0.9 1.2 1.4 1.5 1.6 1.5 
 SD diff. (mm) 1.1 1.2 1.4 1.7 1.7 1.8 
 t 8.8 11.1 10.1 9.0 8.3 5.3 
 d.f.   115   117     90      94     77      41 
 p-value p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 
       
Mandible       
 Mean diff. (mm) 1.1 1.0 1.0 1.0 1.0 1.1 
 SD diff. (mm) 1.7 1.7 1.7 1.4 1.6 2.3 
 t 4.4 3.8 3.7 3.4 1.8 0.8 
 d.f.     45     42     40      21        8        2 
 p-value p<0.001 p<0.001 p<0.001 p<0.001 0.103 0.502 
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in all teeth showed significant differences between spontaneous and 
posed smiling. 
The paired samples t-test was also used to determine differences in 
inter-commissure distances during spontaneous and posed smiling. 
During spontaneous smiling, the mean inter-commissure distance was 
68.2 mm, and for posed smiling 65.8 mm. The mean difference was 2.4 
mm, and the assumption of a structural difference was strongly supported 
by the significant p-value (diff. SD=3.1 mm, t=8.4, d.f.=121, p<0.001). 
 
Table 2. Paired samples t-tests of tooth display (in percent) during spontaneous and  
  posed smiling in the maxilla and mandible. 
 
 
 
4.4 Discussion 
 
With the traditional photographic techniques, only a posed smile was 
considered adequate to obtain a reproducible diagnostic record.11,12 A 
study with contemporary available digital videography has shown that 
 I1 I2 C P1 P2 M1 
Maxilla       
 Mean diff (%) 7.5 7.9 11.2 15.0 20.2 33.1 
 SD diff (%) 13.2 13.7 16.5 20.9 26.9 35.2 
 t 6.3 6.4 7.5 7.9 8.3 10.4 
 d.f.    121    121    121    121    121     121 
 p-value p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 
       
Mandible       
 Mean diff. (%) 12.2 11.7 11.0 9.6 6.8 6.0 
 SD diff. (%) 21.6 20.8 18.7 20.5 17.1 18.7 
 t 6.2 6.2 6.5 5.2 4.4 3.5 
 d.f.    121    121    121    121    121    121 
 p-value p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.01 
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also a spontaneous smile of joy is measurable with a more observational 
and less patient-interfering approach.18 With this videographic method, 
spontaneous smiling and posed smiling were captured reproducibly. The 
central question in this study is whether the use of a posed smile rather 
than a spontaneous smile is sufficient as a diagnostic record for facial 
esthetics and, more specifically, lip-tooth relationships. Besides, the 
spontaneous smile is a more relevant emotion than a photographic posed 
smile and approaches the way patients are perceived by their social 
environment. For most patients, the outcome of orthodontic therapy is 
directly related to visible improved dentofacial attractiveness and not so 
much to the more invisible occlusal relationships according to scientific 
standards. This ambivalence is experienced by some orthodontists, who 
consider orthodontics as much an art as a science.7,20 Nevertheless, 
diagnosis should be both valid and reliable and should not just consider 
the brief intervals involving active treatments. The profound changes 
from natural aging on the relations between soft tissue and dentition 
should also be included in orthodontic diagnosis and treatment 
planning.21 An effect of age resulting in a significant reduction of 
maxillary lip-line heights was quantified in a recent study.9  
The present study shows significantly higher lip-line heights for 
spontaneous smiling compared to posed smiling (Figure 3a, 4a and Table 
1). The mean reductions in maxillary lip-line height during posed smiling 
varied between about 1 mm in the anterior area and 1.5 mm in the 
posterior area. This, however, is only relevant when lip-line heights are 
displayed and measurable. The maxillary anterior teeth and 1st premolar 
could be measured in more than three-quarters of the sample, but at the 
1st molar measurable lip-line heights were restricted to a third of the 
sample. Therefore, in this study design, also tooth display percentages 
were used to quantify differences between spontaneous and posed 
smiling. These differences are especially explicit in Figure 3b, where 
tooth display differences in the posterior maxillary teeth between 
spontaneous and posed smiling increase to 30%. This means that during 
spontaneous smiling the 2nd premolar and 1st molar are much more 
visible than during posed smiling. This is supported by the significant 
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reduction in inter-commissure distance (smile width) of posed smiling 
compared to spontaneous smiling. 
In the mandible, the mean differences for lip-line heights remained 
stable at around 1 mm. The graphs of tooth display (Figure 4b) show that 
from an esthetic point of view the differences between spontaneous and 
posed smiling are most relevant for the mandibular anterior teeth.  
Significance testing in this study involved multiple t-tests, because a 
multivariate approach was not possible due to a varying number of 
observations per tooth. The significance level for multiple tests,  however, 
is not identical to the significance level for each separate test. There is an 
increased risk of unjustified rejection of the null hypothesis, which can be 
countered with the Bonferroni procedure. This involves dividing the 
desired overall alpha by the number of tests performed. Adopting this, 
rather conservative, approach for the data in Table 1 and 2 and adopting a 
significance level of p=0.0083 (0.05/ 12) would result in the same pattern 
of rejecting or not rejecting the null hypotheses. 
The results of this study demonstrate that a posed smiling record 
differs from a spontaneous smiling record in several essential aspects. 
Therefore the traditionally used posed smiling record is a starting point 
that may involve a number of risks for the diagnosis and predictability of 
the orthodontic treatment plan, but also for a combined orthodontic-
surgical approach. Firstly, the lip-line height, which is reduced during 
posed smiling, can be assessed too low on a posed smiling record. 
Particularly in the case of gummy smile patients, who have the muscular 
ability to raise the upper lip significantly higher than average on 
smiling,19 underestimation of the lip-line height can seriously influence 
treatment outcome. Lip-line height is also a dominating factor in the 
combined orthodontic and restorative-implantology approach (e.g. in 
cases of trauma or oligodontia), where the esthetic risk of the therapy 
increases when the lip line reveals more of the teeth and gingival area. A 
natural looking implant restoration, including correct shape of the 
alveolar bone, a harmonious gingival line, and an inter-proximal dental 
papilla to the contact point, is not always achievable in clinical practice. 
In that case, the height of the lip line is decisive whether the esthetic 
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shortcomings of the combined therapy are masked by the lip or just 
revealed.22 
Not only is lip-line height reduced during posed smiling, also the 
posterior teeth can be considerably less displayed in combination with 
reduced smile width. This can lead to insufficient and inadequate 
diagnostics regarding arch width and buccal corridors,  smile arc and 
transversal occlusal plane, and (pre)molar lip-line height. Since minimal 
buccal corridors are a preferred esthetic feature in both men and women, 
large buccal corridors are considered a serious problem that has to be 
included in the problem list during orthodontic diagnosis.23 However, as a 
result of reduced smile width during posed smiling, the buccal corridors 
can be underestimated and upper arch widening not deemed to be needed 
during orthodontic or surgical treatment. 
In relation to the maxillary arch width, the curve of the smile arc is 
also considered an important part of oral esthetics.5,24 The curve of the 
smile arc is established in relation to the curve of the lower lip. This is 
complicated by the reduced visibility of the maxillary (pre)molar area on 
a posed smiling record. During posed smiling, the upper lip is less 
elevated and the mouth less open. As a result, the cervical parts of the 
(pre)molars are more covered by the upper lip and the incisal parts by the 
lower lip, especially near the commissurae. When the incisal line through 
the cusps is covered, only information regarding the smile arc in the 
anterior teeth is available for the diagnosis. In that case, control is 
lacking over an esthetic sagittal alignment of the posterior teeth, for 
which the cephalogram gives insufficient hold. Moreover, the smaller 
smile width during posed smiling can readily result in a flatter curve of 
the lower lip at the risk of a flat smile arc also in the anterior teeth during 
spontaneous smiling. 
Next to spontaneous smiling, a videographic analysis can easily be 
extended to other frequently used functional expressions. Lip-tooth 
relationships during speech and at rest can be captured and analyzed 
according to the classic ‘dynesthetic’ principles  forthcoming from 
prosthodontics.25 Attention can then be given to the ‘speaking line’, the 
displayed incisal length of the maxillary anterior teeth during speech and 
to tooth display at rest. When speaking, the lateral incisors should be 
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partly shown. At rest, a few millimeters of the maxillary anterior teeth 
should be displayed depending on gender and age of the patient. During 
speech, a larger number of mandibular teeth are in view and are also 
more exposed than during smiling.9 In this way, more information is 
obtained for an harmonious mandibular tooth positioning and curvature 
through the incisal edges and cusps. Whether additional videography of 
speech and at rest leads to another orthodontic treatment strategy remains 
to be seen, but in a recent study it was demonstrated that there is a 
significant individual coherence for upper lip positions at the maxillary 
anterior teeth during spontaneous smiling, speech, and at rest.9 
The results show, without doubt, that spontaneous and posed smiling 
are different. Not surprisingly, as Duchenne de Boulogne observed 
already in 1862, spontaneous and posed smiles exhibit physiognomic 
differences.26 Next to the zygomaticus major muscle, contracting the 
corners of the mouth, the spontaneous ‘‘Duchenne’’ smile also involves 
the orbicularis oculi pars lateralis muscle. Contraction of this muscle 
results in ‘‘crow’s feet’’ at the outer corners of the eye, which cannot be 
done voluntarily.27 Further psychophysiological research has found more 
asymmetries in posed smiles than in spontaneous smiles and different 
dynamic time patterns.28,29 
Spontaneous smiling should be the logical focus point for the 
esthetic diagnosis of lip-tooth relationship during smiling. The fast onset 
and fading out of a spontaneous smile makes it impossible to capture in 
the right moment with a static photograph. Therefore it is proposed to 
switch from static to dynamic videorecording of the smile for diagnostic 
purposes. Experiences of plastic surgeons,30,31 oral and maxillofacial 
surgeons,32 and orthodontists7 show that (digital) video registration in 
clinical practice is feasible. 
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Summary 
 
The aims of this study were to analyse lip line heights and age 
effects in an adult male population during spontaneous smiling, speech, 
and tooth display in the natural rest position and to determine whether lip 
line height follows a consistent pattern during these different functions. 
The sample consisted of 122 randomly selected male participants from 
three age cohorts (20–25 years, 35–40 years, and 50–55 years). Lip line 
heights were measured with a digital videographic method for smile 
analysis, which had previously been tested and found reliable. Statistical 
analysis of the data was carried out using correlation analysis, analysis of 
variance, and Tukey’s post hoc tests. 
Maxillary lip line heights during spontaneous smiling were generally 
higher in the premolar area than at the anterior teeth. The aesthetic zone 
in 75 per cent of the participants included all maxillary teeth up to the 
first molar. Coherence in lip line heights during spontaneous smiling, 
speech, and tooth display in the natural rest position was confirmed by 
significant correlations. In older subjects, maxillary lip line heights 
decreased significantly in all situations. Lip line heights during 
spontaneous smiling were reduced by approximately 2 mm. In older 
participants, the mandibular lip line heights also changed significantly 
and teeth were displayed less during spontaneous smiling. Mandibular 
tooth display in the rest position increased significantly. Upper lip length 
increased significantly by almost 4 mm in older subjects, whereas upper 
lip elevation did not change significantly. 
The significant increasing lip coverage of the maxillary teeth 
indicates that the effects of age should be included in orthodontic 
treatment planning. (Eur J Orthod 2008;30:366-73) 
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5.1 Introduction 
 
In social interaction, our attention appears mainly directed towards 
the mouth and eyes of the face of the person speaking.1 As the mouth is 
the centre of communication in the face, the aesthetic appearance of the 
oral region during smiling is a conspicuous part of facia l attractiveness. 
The aesthetic2 or display3 zone is composed of the size, shape, position 
and colour of the displayed teeth, the gingival contour, the buccal 
corridor, and the framing of the lips. The range of the aesthetic zone is 
defined by the movements of the upper and lower lip during smiling and 
speech. 
Lip position and the amount of tooth and gingival display during 
smiling and speech are important diagnostic criteria in orthodontics, 
dentofacial surgery, and aesthetic dentistry.  Smiles that entirely display 
the teeth including some gingiva (2–4 mm) are perceived as the most 
aesthetic.4,5 Furthermore, a continuous gingival contour should be 
parallel with the curve of the upper lip.6,7 The most ideal incisal line of 
the upper dentition is established in relation to the curve of the lower 
lip.8,9 Therefore, adequate evaluation of lip lines is required for the 
orthodontic diagnosis, especially in patients with reduced tooth display,  
unaesthetic gingival contours, exposed posterior gingiva,  occlusal cants, 
asymmetry of the upper lip during smiling, and ‘gummy smiles’. 
In spite of the relevance of the aesthetic zone in orthodontic 
treatment planning, relatively little research has been carried out on lip 
line height and tooth and gingival exposure during spontaneous smiling 
and speech. A drawback of most studies is that only posed smiles have 
been measured. It is claimed that such smiling on request has the 
advantage of reproducibility,10,11 yet it should be questioned whether the 
posed social smile is the same as a spontaneous smile of joy. The smile in 
fact is not a singular category of facial behaviour. In psychophysiology, 
for example a difference is made between emotion elicited spontaneous 
smiles of joy and voluntary posed smiles.12 On the basis of structural 
differences between spontaneous smiling and the posed smile, 
spontaneous smiling is considered as a focus point for lip line analysis in 
orthodontic treatment planning.13 This is in line with the 
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recommendations of oral surgeons14 and aesthetic dentists.6 Ackerman et 
al.9 proposed that the orthodontist should view the dynamics of anterior 
tooth display as a continuum delineated by the time points of rest, speech,  
posed social smile, and a (spontaneous) Duchenne smile. Most of the 
methods for smile measurement, however, are not designed to measure 
spontaneous smiles. Consequently, limited data are available to serve as a 
guideline for lip line heights in spontaneous smiling and speech, 
particularly for the adult population. 
Another important aspect, to consider when evaluating the aesthetic 
zone, is the effect of age on lip line height. Based on clinical experience, 
the prosthetic literature demonstrates that with age the lips become less 
elastic and less mobile. As a result of this, older people are reported to 
show less of the maxillary and more of the mandibular teeth during 
smiling.15 Dong et al.16 and Dickens et al.17 measured changes in the 
smile as an effect of age. Both studies reported a decrease of maxillary 
incisor display during smiling. Dong et al.16 also found a slight increase 
of mandibular incisor display. In the studies of Vig and Brundo18 and Al 
Wazzan,19 the maxillary incisor display at rest was found to gradually 
reduce with an increase in age, while mandibular incisor display 
increased. It should be noted, however, that most of these results were 
not statistically tested. 
From the starting point that the lip line height is an essential 
diagnostic criterion in (adult) orthodontics, dentofacial surgery, and 
aesthetic restorative dentistry, a digital videographic method to measure 
both spontaneous smiling and speech was developed.20 The specific aims 
of the present study were firstly to analyse lip line heights and age effects 
in an adult male population during spontaneous smiling, speech, and in 
natural rest position with a digital videographic measurement method and 
secondly to determine if lip line heights followed a consistent pattern 
during these different functions. 
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5.2 Subjects and methods 
 
The research proposal was approved by the ethical committee of the 
Academic Centre of Dentistry, Amsterdam. Informed consent was 
obtained from the subjects according to the guidelines of that institution.  
 
5.2.1 Participants 
Of 1069 military males on an air force base, 122 were randomly 
selected from three age cohorts (20–25 years, 35–40 years, and 50–55 
years). Selection criteria were full maxillary and mandibular dental 
arches up to and including the first molar, Caucasian, no excessive facial 
disharmonies, and no visible periodontal disease or caries.  
 
5.2.2 Recording and measurement during spontaneous smiling, speech, 
and at rest 
A digital videographic measurement method was used to capture 
records of a spontaneous smile of joy and during speech. In addition, a 
record of a spontaneous natural rest position (with the lips slightly 
parted) and a full dentition record with the aid of cheek retractors were 
made. The reliability and clinical application of this digital videographic 
measurement method has been tested previously. The method appeared to 
be reliable with intraclass coefficients ranging from 0.99 to 0.80. 20 
On the full dentition record, the lengths of the teeth were measured 
to obtain the actual length of the tooth crowns. On the spontaneous 
smiling and speech records, the display of teeth and gingiva was 
measured. In the maxilla and mandible, a central and lateral incisor, a 
canine, a first and second premolar, and a first molar were measured from 
the left and right side alternately to exclude influences of facial 
asymmetry. Digital horizontal lines were used to mark the most incisal 
point of each tooth (line 1) and the lip edge (line 2, Figure 1). These 
marking lines were parallel to the inter pupil line. The vertical distance 
between these lines was measured (see lip position measurement, Figure 
1). 
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Figure 1. Measurement of lip line height;  
  Line 1: marking of the most incisal point of the central incisor;  
  Line 2: marking the lip edge on the central incisor; 
  Line 3: cervical margin of the central incisor.  
  Lip line height is lip position minus tooth length. When the gingival margin  
  is displayed, lip line height has positive values. When the teeth are partly 
  covered, lip line height has negative values. 
 
Following the concept of Peck and Peck,7 lip line height was 
expressed relative to the gingival margin (line 3) and thus is a 
measurement for both tooth and gingival visibility (Figure 1). Lip line 
height was calculated as the difference between lip position and tooth 
length. When the gingival margin was displayed, positive values were 
assigned both for the maxilla and the mandible. When the teeth remained 
partly covered, negative values were given. If the upper and lower lip 
covered both gingival margin and incisal point, lip line height was 
denoted as not measurable. If a tooth was not visible, lip line height was 
recorded as missing. 
On the record in the natural rest position, the amount of tooth 
display was measured from the incisal point of each tooth to the edge of 
the lip. If a tooth was not visible, the tooth display was denoted as zero. 
The vertical length of the upper lip was measured between the lower 
edge of the upper lip and subnasion on the spontaneous smiling record 
and the record in the natural rest position. The amount of lip elevation 
during spontaneous smiling was calculated as the percentage difference 
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between upper lip length in the rest position and upper lip length during 
spontaneous smiling. 
 
5.2.3 Data analysis 
Correlation analysis was used to determine if the lip line heights of a 
subject were coherent during the situations of spontaneous smiling, 
speech, and in the rest position. Following the conventions set by 
Cohen21, correlations of 0.10, 0.30, and 0.50 were considered weak, 
moderate, and strong, respectively. The significance level P < 0.05 was 
chosen. 
Analysis of variance (ANOVA) was used to compare lip line heights 
for each tooth between the three age cohorts in the situations, 
spontaneous smiling and speech. ANOVA was performed on each tooth 
separately as the number of teeth displayed varied between the situations. 
When the lip line heights were found to differ significantly between the 
age cohorts, Tukey’s post hoc tests were performed to identify the 
cohorts that differed significantly. The same procedure was performed for 
tooth display in the natural rest position, lip elevation, and upper lip 
length. 
 
 
5.3 Results 
 
5.3.1 Lip line heights and frequencies of displayed teeth 
Lip line heights during spontaneous smiling and speech are shown 
for the three age groups, for the maxilla and mandible, in Figures 2 and 3, 
respectively. In Figure 2, the minimum and maximum graphs of lip line 
heights show a considerable individual variation in some subjects 
compared with the majority of the sample. In contrast to spontaneous 
smiling, the maxillary lip line heights during speech were generally 
lower. The cervical gingival margins were mostly covered by the upper 
lip.  
During spontaneous smiling and speech, the mandibular lip line 
heights were mostly positioned on the tooth (Figure 3). The cervical 
gingival margins were thus covered by the lower lip. Contrary to the 
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maxilla, during speech, the mandibular teeth were displayed more than 
during spontaneous smiling.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Median, quartiles, and ranges of maxillary lip line heights in millimetres  
relative to the gingival margin for the upper incisors, canine, premolars and 
first molar. The grey shaded areas represent the gingiva. Percentages of 
(measurable) displayed teeth in the total sample are shown in pie charts. 
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Figure 3. Median, quartiles, and ranges of mandibular lip line heights in millimetres  
  relative to the gingival margin for the lower incisors, canine, premolars, and  
  first molar. The grey shaded areas represent the gingiva. Percentages of  
  (measurable) displayed teeth in the total sample are shown in pie charts. 
 
The collected data showed that in 75 per cent of the sample, the 
maxillary first molar was substantially displayed during spontaneous 
smiling and was part of the aesthetic zone. The mandibular anterior teeth 
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formed part of the aesthetic zone especially during speech in 93 per cent 
of the participants. 
 
5.3.2 Relationships between lip line heights in different situations  
Table 1 shows the correlation analysis used to determine if the lip 
line heights followed a coherent pattern during spontaneous smiling, 
speech, and tooth display in the natural rest position. The lip line heights 
of all maxillary teeth demonstrated a significant and strong to moderate 
relationship between spontaneous smiling and speech. In the mandible, 
this applied to the anterior teeth and the first premolar.  
Maxillary anterior lip line heights during spontaneous smiling and 
tooth display in the natural rest position were highly significant and 
strongly correlated. Maxillary anterior lip line heights during speech and 
tooth display in the natural rest position also showed a significant and 
strong to moderate relationship. No correlations between these situations 
were found for the mandibular teeth. 
 
Table 1. Correlation analysis of coherence in lip line heights of subjects during  
  functional situations. The situations of spontaneous smiling, speech, and  
  tooth display at rest are mutually compared. 
 
 
 
 Maxilla  
 I1 I2 C P1 P2 M1  
Spontaneous smiling - speech 
 Correlation (r) 0.64 0.64 0.68 0.54 0.48 0.57  
 P value 0.000*** 0.000*** 0.000*** 0.000*** 0.002** 0.027*  
Spontaneous smiling - at rest 
 Correlation (r) 0.54 0.56 0.50 — — —  
 P value 0.000*** 0.000*** 0.001** — — —  
Speech - at rest 
 Correlation (r) 0.54 0.46 0.35 — — —  
 P value 0.000*** 0.000*** 0.024* — — —  
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Continuation Table 1. 
 
 
No data or N < 10% of the sample. 
*P < 0.05, **P < 0.01, ***P < 0.001 
 
5.3.3  Age effects on the aesthetic zone 
The results of ANOVA, comparing the lip line heights of the three 
age cohorts during spontaneous smiling, are given in Table 2. The 
suggestion (Figure 2) that lip line heights gradually decrease with age 
was confirmed by the significant results for all maxillary teeth. Post hoc 
analysis showed that the significant effects occurred mainly between the 
20–25 and 50–55 year cohorts. The mandibular lip line heights also 
decreased with age; the lateral incisor, the canine, and the first premolar 
were significantly covered by the lower lip in the older age cohorts. 
During speech the effect of decreasing lip line heights with age was 
significantly manifested in the maxillary anterior region (Table 3).  Beside 
significant effects for all anterior teeth between the 20–25 and 50–55 
year cohorts, both incisors also showed significant effects between the 
20–25 and 35–40 year cohorts. 
In the mandible, no significant age effects on lip line heights during 
speech were found apart from the central incisor. This single significant 
effect was possibly caused by a differing mean in the second cohort. As 
 Mandible 
 I1 I2 C P1 P2 M1 
Spontaneous smiling – speech 
 Correlation (r) 0.68 0.56 0.62 0.42 0.55 0.07 
 P value 0.000*** 0.000*** 0.000*** 0.005** 0.053 0.955 
Spontaneous smiling – at rest 
 Correlation (r) 0.15 -0.09 0.18 — — — 
 P value 0.404  0.632 0.351 — — — 
Speech- at rest 
 Correlation (r) 0.26 0.23 0.30 — — — 
 P value 0.096 0.142 0.072 — — — 
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this is not in line with the other results, the findings should be interpreted 
with caution. 
 
 Table 2. Analysis of variance and Tukey’s post hoc test of lip line heights during  
  spontaneous smiling between the three age cohorts. 
 
Continuation Table 2. 
 
*P < 0.05, **P < 0.01, ***P < 0.001. 
 Spontaneous smiling 
 Maxilla 
 I1 I2 C P1 P2 M1 
Cohort 20–25 years 
 Mean (mm) 0.4 1.8 1.9 3.1 3.6 3.3 
 Standard deviation (mm) 2.2 2.5 2.8 2.7 2.6 2.6 
Cohort 35–40 years 
 Mean (mm) -0.3 1.1 0.6 2.4 2.5 2.5 
 Standard deviation (mm) 2.0 2.3 2.6 2.4 2.6 2.5 
Cohort 50–55 years 
 Mean (mm) -1.3 0.1 -0.6 1.4 1.6 0.8 
 Standard deviation (mm) 2.3 2.6 2.7 2.8 2.7 2.8 
N 122 122 117 118 116 91 
P value 0.003** 0.014* 0.000*** 0.026* 0.006** 0.002** 
Post hoc Tukey’s HSD       
 Cohort 1–2 0.303 0.410 0.091 0.572 0.173 0.500 
 Cohort 2–3 0.102 0.209 0.114 0.224 0.294 0.035* 
 Cohort 1–3 0.002** 0.010* 0.000*** 0.020* 0.004** 0.001** 
 Spontaneous smiling 
 Mandible 
 I1 I2 C P1 P2 M1 
Cohort 20–25 years 
 Mean (mm) -3.6 -4.0 -5.5 -4.1 -3.5 -2.9 
 Standard deviation (mm) 2.9 2.8 2.5 1.6 1.9 1.6 
Cohort 35–40 years 
 Mean (mm) -4.0 -5.1 -6.5 -6.0 -5.0 -4.1 
 Standard deviation (mm) 2.3 1.8 2.2 1.5 1.5 0.4 
Cohort 50–55 years 
 Mean (mm) -4.7 -6.0 -7.4 -5.1 -5.4 -3.6 
 Standard deviation (mm) 2.7 3.0 2.3 2.2 2.1 2.3 
N 78 82 77 49 28 14 
P value 0.288 0.020* 0.014* 0.015* 0.092 0.702 
Post hoc Tukey’s HSD       
 Cohort 1–2  0.255 0.307 0.011*   
 Cohort 2–3  0.427 0.301 0.305   
 Cohort 1–3  0.016* 0.010* 0.283   
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Table 3. Analysis of variance and Tukey’s post hoc test of lip line heights during  
  speech between the three age cohorts. 
 
Continuation Table 3. 
 
 
*P < 0.05, **P < 0.01, ***P < 0.001. 
 
 
 
 Speech 
 Maxilla 
 I1 I2 C P1 P2 M1 
Cohort 20–25 years 
 Mean (mm) -2.3 -2.5 -3.7 -2.9 -2.8 -4.0 
 Standard deviation (mm) 2.4 2.5 2.4 2.1 1.6 1.5 
Cohort 35–40 years 
 Mean (mm) -3.1 -2.4 -4.3 -3.0 -2.0 -2.3 
 Standard deviation (mm) 2.0 2.4 2.5 2.2 2.1 3.0 
Cohort 50–55 years 
 Mean (mm) -4.7 -3.9 -5.8 -4.2 -4.0 -2.9 
 Standard deviation (mm) 2.4 2.4 2.7 2.6 2.5 2.3 
N 121 119 102 76 43 15 
P value 0.000*** 0.009** 0.004** 0.094 0.055 0.639 
Post hoc Tukey’s HSD       
 Cohort 1–2 0.318 0.993 0.545    
 Cohort 2–3 0.004** 0.016* 0.056    
 Cohort 1–3 0.000*** 0.023* 0.003**    
 Speech 
 Mandible 
 I1 I2 C P1 P2 M1 
Cohort 20–25 years 
 Mean (mm) -3.0 -3.6 -5.0 -4.7 -3.8 -2.6 
 Standard deviation (mm) 2.2 1.8 2.2 1.6 1.7 0.9 
Cohort 35–40 years 
 Mean (mm) -2.1 -3.2 -4.7 -4.7 -4.2 -3.1 
 Standard deviation (mm) 2.3 2.3 2.1 1.7 1.5 1.2 
Cohort 50–55 years 
 Mean (mm) -3.5 -3.9 -5.6 -4.7 -4.6 -3.8 
 Standard deviation (mm) 2.6 2.9 2.2 2.0 2.1 1.5 
N   118   118   112   92   51   15 
P value   0.036*   0.381   0.199   0.995   0.430   0.511 
Post hoc Tukey’s HSD       
 Cohort 1–2 0.176      
 Cohort 2–3 0.032*      
 Cohort 1–3 0.723      
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Table 4. Analysis of variance and Tukey’s post hoc test of tooth display in the rest  
  position between the three age cohorts. 
 
 
Continuation Table 4. 
 
*P < 0.05, **P < 0.01, ***P < 0.001. 
 
 
 
 Rest position 
 Maxilla 
 I1 I2 C 
Cohort 20–25 years    
 Mean (mm) 5.5 4.0 2.1 
 Standard deviation (mm) 2.2 2.1 1.2 
Cohort 35–40 years    
 Mean (mm) 3.8 2.7 0.7 
 Standard deviation (mm) 1.8 1.9 1.4 
Cohort 50–55 years    
 Mean (mm) 2.0 1.1 0.7 
 Standard deviation (mm) 1.6 1.5 1.3 
N 122 122 122 
P value 0.000*** 0.000*** 0.000*** 
Post hoc Tukey’s HSD    
 Cohort 1–2 0.000*** 0.006** 0.001** 
 Cohort 2–3 0.000*** 0.000*** 0.999 
 Cohort 1–3 0.000*** 0.000*** 0.001** 
 Rest position 
 Mandible 
 I1 I2 C 
Cohort 20–25 years    
 Mean (mm) 0.5 0.3 0.3 
 Standard deviation (mm) 1.0 0.9 1.0 
Cohort 35–40 years    
 Mean (mm) 0.7 0.7 0.8 
 Standard deviation (mm) 1.2 1.2 1.3 
Cohort 50–55 years    
 Mean (mm) 1.5 1.7 1.4 
 Standard deviation (mm) 1.5 1.6 1.6 
N 122 122 122 
P value 0.004** 0.000*** 0.001*** 
Post hoc Tukey’s HSD    
 Cohort 1–2 0.774 0.304 0.223 
 Cohort 2–3 0.032* 0.002** 0.088 
 Cohort 1–3 0.005** 0.000*** 0.001** 
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The same as lip line heights during spontaneous smiling and speech, 
maxillary anterior tooth display in the natural rest position showed a 
significant decrease with age (Table 4). Significant differences between 
all age cohorts were found for the maxillary incisors. Opposite to the 
maxillary decrease of tooth display, mandibular anterior tooth display 
increased highly significantly in the older subjects.  
The upper lip length during spontaneous smiling and in the natural 
rest position both showed very high significant lengthening with age 
(Table 5). For both situations, the significant effects occurred between 
the 20–25 and 35–40 year cohorts and 20–25 and 50–55 year cohorts. For 
the upper lip elevation during spontaneous smiling, no significant 
changes were found. 
 
Table 5.  Analysis of variance and Tukey’s post hoc test of upper lip lengths and lip  
  elevation during spontaneous smiling, and upper lip lengths in the rest  
  position between the three age cohorts. 
 
 
 **P < 0.01, ***P < 0.001. 
 
 
 
 
 Rest position Spontaneous smiling 
 Lip length Lip length Lip elevation 
 in mm in mm in % 
Cohort 20–25 years    
 Mean 20.3 16.0 21.3 
 Standard deviation  2.7 2.7 7.1 
Cohort 35–40 years    
 Mean  23.3 18.0 22.2 
 Standard deviation  2.3 1.9 7.0 
Cohort 50–55 years    
 Mean  24.0 18.3 23.5 
 Standard deviation  2.6 2.6 6.9 
N 122 122 122 
P value 0.000*** 0.000*** 0.364 
Post hoc Tukey’s HSD    
 Cohort 1–2 0.000*** 0.001**  
 Cohort 2–3 0.412 0.837  
 Cohort 1–3 0.000*** 0.000***  
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5.4 Discussion 
 
Spontaneous smiling and speech have a dynamic nature, which 
requires a dynamic registration method. However, ear rods are often used 
for standardization of the head position. This is not a favourable position 
to elicit a spontaneous smile of joy in patients. Therefore, a less intrusive 
dynamic registration method based on videographic measurement of 
spontaneous smiling and speech was developed.20 Since this approach is 
relatively new in smile analysis, no data were available of adult lip line 
heights during spontaneous smiling, speech, and tooth display in the 
natural rest position. This makes a comparison with other studies 
difficult. 
In the present investigation, the sample used was restricted to males. 
Selection of the sample according to the criteria was accurate because 
adequate dental documentation was present. Furthermore, a homogeneous 
sample was needed to exclude factors such as race or gender. This means 
that the results of this study are valid for Caucasian males only. 
As shown in Figure 2, the maxillary lip line heights during 
spontaneous smiling tended to be generally higher in the premolar area 
and, for a considerable number of patients, the posterior maxillary region 
was also part of the aesthetic zone. This finding is in line with a study of 
posed smiling, in which Kapagiannidis et al.22 reported that maxillary 
gingival display was greater for premolars compared with the central 
incisor and canine. This is important with respect to orthodontic 
diagnosis and treatment planning. Obviously, during orthodontic 
treatment more attention is given to incisor lip line heights but at a risk of 
overexposure of the posterior gingiva. This gingival overexposure is 
undesirable in the smile and difficult to correct.23 
Compared with spontaneous smiling, during speech the maxillary 
teeth were covered more by the upper lip and less displayed. Especially, 
the maxillary anterior teeth and the first premolar were visible. In the 
mandible, by contrast, the lower lip moved more towards the gingival 
margin during speech than during spontaneous smiling (Figure 3). During 
speech a larger number of mandibular teeth (the anterior teeth and the 
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first premolar) were in view and were also more exposed than during 
smiling. 
Ackerman et al.9 found clinically and statistically significant 
changes in anterior lip–tooth relationships between posed smiling and 
speech. In addition, in the present study, the coherence of lip line heights 
during spontaneous smiling, speech, and tooth display in the natural rest 
position was determined. This means, e.g., that patients showing higher 
lip line heights during spontaneous smiling, also showed higher lip line 
heights during speech as well as a greater amount of tooth display in the 
natural rest position. The patients’ coherence of lip line heights during 
these situations provides an unambiguous orthodontic strategy as the one 
functional situation does not require a totally different treatment 
approach from another. 
Limited studies are available that provide data concerning the effect 
of age on the aesthetic zone. These data are relevant, among others, for 
predictable long-term aesthetic results of orthodontic therapy. The 
general assumption, mostly based on clinical experience, that lip line 
height decreases with age was statistically confirmed for the maxilla in 
this study. Moreover, the age effect on the perioral tissues is not equal for 
the maxilla and mandible or for each situation. With age, a decrease of 
maxillary lip line height and tooth display was found in combination with 
an increase of upper lip length. For the upper central incisor, lip line 
heights during spontaneous smiling decreased by 2 mm. Both tooth 
display and upper lip length in the natural rest position decreased by 
almost 4 mm. 
The age-related increase of upper lip length appeared approximately 
equal to the reduction of maxillary incisor display in the natural rest 
position. An interesting finding was that the age-related decrease in lip 
line height during spontaneous smiling was considerably less than in the 
natural rest position. It was also interesting to note that in the natural rest 
position, the age-related effects occurred between all age cohorts. These 
intercohort effects were less obvious during speech whereas during 
spontaneous smiling, the age-related effects only occurred between the 
youngest and the oldest age cohorts. At first, the age-related effects 
appear to diminish in situations where more musculature activity is 
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required. It is presumed that in situations with more perioral musculature 
activity, as in spontaneous smiling, the initial effects of age on the soft 
tissues are compensated.24 This is supported by the fact that lip elevation 
was the same for all ages (Table 5).  
In this investigation, a combination of perioral muscle activity and 
lower lip soft tissue atrophy was considered to play a key role in the 
opposite mandibular age effects. In the natural rest position with the least 
perioral musculature activity, mandibular tooth display increased because 
of ‘sagging’ of the lower lip with age. During speech no significant age 
effects were found. During spontaneous smiling, however, lip line heights 
decreased, which means that the lower lip was elevated somewhat higher 
in the older age group. 
The above results show that the effects of age on lip line heights and 
tooth display for the long-term aesthetic outcome of orthodontic 
treatment are less relevant for the mandible than for the maxilla. 
Especially, when intrusion of the upper anterior teeth is indicated in 
younger patients, caution should be exercised. In patients with short 
clinical crowns in combination with gingival excess, periodontal surgery 
is the first choice to improve the harmony between tooth length and 
displayed cervical gingiva. Furthermore, it should be borne in mind that 
smiles displaying the teeth including some gingiva (2–4 mm) are 
perceived as the most aesthetic.4,5 
Even in the 50–55 year group, lip line heights were reduced by 
approximately 2 mm during spontaneous smiling and almost 4 mm in the 
natural rest position. In patients with less than 4 mm of gingival display 
in adolescence or young adulthood, intrusion of maxillary teeth, rather 
than focusing on a harmonious gingival contour and smile arc, is 
therefore questionable. Intrusion will inevitably lead to a reduced tooth 
display at a later age. This is often unacceptable as it is associated with 
ageing. 
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5.5 Conclusions 
 
1. The upper premolars and first molar are part of the aesthetic zone in 
most patients. 
2. Maxillary lip–tooth relationships during spontaneous smiling, 
speech, and at rest follow a consistent pattern.  
3. The significant reduction in maxillary lip line heights with age 
should be taken into consideration in orthodontic treatment planning.  
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Summary 
 
  Introduction: For analysis of dynamic functions such as 
spontaneous smiling and speaking digital videography is used. Clinically 
the combination of digital videography and visual estimation of lip line 
height and tooth display could be an efficient and practical instrument for 
smile line analysis. Two concepts of semi-quantitative estimation were 
tested for reliability and compared with quantitative digital 
measurements.  
Methods: Faces of 122 male participants were individually 
registered using digital videography. Spontaneous and posed smiles were 
captured. On the records maxillary lip line heights and tooth display were 
digitally measured on each tooth and also visually estimated according to 
a 3- and 4-grade scale and an error analysis was performed. Two raters 
were involved. Reliability was established with kappa statistics.  
Results: Inter- and intra-examiner reliability was high with median 
kappa values from 0.79 to 0.88. Agreement of 3-grade scale estimation 
with quantitative measurement showed higher median kappa values 
(0.76) than 4-grade scale estimation (0.66). The estimation of a high, 
average and low smile line for each tooth showed high reliability close to 
quantitative measurements.  
Conclusions: Smile line analysis can be performed reliably with a 3-
grade scale visual semi-quantitative estimation. An exception is the 
specific category of ‘gummy smile patients’ for which measuring is 
proposed.
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6.1 Introduction 
 
Orofacial esthetics refers to dynamic facial expressions, such as 
smiling and speaking. The movements of the lips are the controlling 
factor for tooth and gingival display. According to the principles of visual 
perception an harmonic and symmetric composition of teeth, visible 
gingivae, buccal corridors, and lips is a requirement for an esthetic 
pleasing smile.1 This ‘smile composition’ is framed by the lips and in this 
way arrangement of the teeth and visible gingivae is dictated by the 
outline of the lips and the height of the smile line. The outline of the lips 
affects visual constructs such as the buccal corridors and the smile arc.2   
A smile line that displays the entire length of the teeth and some 
gingival tissue is associated with youth. In contrast, a smile line which 
displays only a portion of the teeth results in a less youthful smile. 3 
Moreover, it was found in a recent study that size and visibility of teeth, 
and upper lip position were critical factors in self-perception of smile 
attractiveness.4 Participants, smiling with their teeth entirely displayed 
including some gingival display, perceived their smile line as most 
esthetic. Therefore, from a dental esthetic and patient point of view, the 
height and course of the smile line is an important aspect of orthodontic 
diagnosis and treatment planning. 
Another aspect of the smile line height guiding an orthodontic 
treatment plan is the aspect of time. To achieve long-term esthetic results, 
factors such as growth, maturation and aging must be taken into account. 
Peri-oral tissues tend to sag when growing older and a significant and 
considerable reduction of the smile line height from 20 to 55 years of age 
has been measured.5 Next to the fact that a good treatment result during 
adolescence should also result in an attractive smile 20 to 30 years later, 
an orthodontic treatment in itself should not lead to premature aging.  
Static analysis of the smile as a result of the photographic methods 
available in the past, inevitably led to the choice of a posed smile as a 
starting point for an orthodontic diagnosis, as this was supposed to be the 
most reproducible smile.6,7 This is, however, contrary to normal life, 
where smile esthetics is not displayed in static but in dynamic situations. 
This drawback of photography has been overcome by contemporary 
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videographic and computer technologies. Analysis of orofacial esthetics 
during spontaneous smiling and speaking is now feasible as the optimal 
record can be selected from a video registration.8-11 The use of digital 
videography to capture an authentic spontaneous smile in combination 
with digital measurements has been tested lately, and it appeared to be 
reliable, reproducible, and valid for use in clinical practice.10 Moreover it 
was found that a posed smile showed reduced smile line heights, tooth 
display, and smile width, compared to a spontaneous smile.12 
Spontaneous smiling records were therefore recommended for diagnostic 
purposes.  
In spite of the digitized methods, performing smile line 
measurements is, however, relatively time-consuming and therefore less 
feasible for regular diagnostic use in clinical practice. Next to the 
quantitative measurements, a qualitative13 and a semi-quantitative 
approach14,15,16 to determine the height of the smile line are proposed in 
the dental literature. In the qualitative approach the clinician observes the 
smile line and makes a judgment about its height. A disadvantage of such 
a qualitative analysis is that it lacks standardization and objective criteria. 
With a semi-quantitative approach, the lip line height and tooth display 
are visually and rationally estimated with a scale. Lip line height and 
tooth display can, for instance, be classified into a high, an average, and a 
low smile line. The semi-quantitative approach is a more formal and 
more objective method than the qualitative approach, and still it has the 
advantage that it is easy and can be used quickly. With the focus on daily 
patient care the combination of digital videography and visual estimation 
of lip line height and tooth display on the images could be an efficient 
way of dynamic soft tissue analysis.  
Since semi-quantitative estimations of lip line heights and tooth 
display are easier to perform, are time-efficient, and do not require 
dedicated computer software, the question is whether this approach is 
justified for use in clinical practice. Therefore, the objectives of the 
present study were to test the reliability and validity of semi-quantitative 
estimation of the smile line and to make a comparison with quantitative 
measurements. 
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6.2 Material and methods 
 
6.2.1 Subjects 
Of 1069 military males on an air force base, 122 were randomly 
selected from three age cohorts (20-25 years; 35-40 years; 50-55 years). 
Inclusion criteria were full maxillary and mandibular dental arches up to 
and including the first molar and Caucasian origin. Based on a pilot study 
an expected effect size of r = .25 was used in the power calculation. To 
find such an effect with a probability of .80 and with a two-tailed 
significance level of .05, a sample of 121 people was needed. The 
research proposal was approved by the ethical committee of the 
Academic Centre of Dentistry Amsterdam. Informed consent was 
obtained from the participants according to the guidelines of that 
institution. 
 
6.2.2 Capturing smile records 
Of each participant a video recording was made of a spontaneous 
smile of joy, a posed social smile, and full dentition with the aid of cheek 
retractors. The full dentition was measured to obtain the actual lengths of 
tooth crowns. The video recordings were made in a setup consisting of a 
chair with a digital video camera (XM 1 [3 CCD], Canon, Tokyo, Japan), 
a television set, and 2 spotlights mounted in front of the chair. The 
television screen was placed at eye level. When the visual axis was 
horizontal, the subjects kept their heads mainly in a natural head 
position.17,18 The video camera was adjusted to the subject’s mouth level 
and continuously registered the face. To prompt spontaneous smiling, the 
subjects watched television fragments of practical jokes, which had been 
assessed by a panel as the funniest from a film of 50 practical jokes. The 
subjects were unaware of the exact aim of the study. While watching 
television, the subjects wore glasses with a clipped-on reference standard 
to enable calibration in a digital measurement program. In this way, a 
maximum spontaneous smile was recorded with minimal intrusion of the 
subject. After the video registration, the digital recordings were 
transferred to a computer. Then, the dynamics of smiling could be 
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observed image by image. The video images of smiling with maximum 
visibility of teeth and gingivae, referred to as the records, were selected. 
 
6.2.3 Quantitative measurement of the smile line 
The records of spontaneous and posed smiling were measured with 
the help of the Digora program for dental radiography (Orion Corporation 
Soredex, Helsinki, Finland). For each record, the measurement program 
was recalibrated with the filmed reference standard.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Digital videographic method: measurement of maxillary central incisor.  
  Line 1, Most incisal point; Line 2, lip edge; Line 3, inter pupil line. 
 
Tooth length was measured on the full dentition record to obtain the 
clinical crown length. Teeth and gingival display were measured on 
spontaneous and posed smiling records. In the maxilla, a central and 
lateral incisor, a canine, a first and second premolar and a first molar 
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were measured on the right and left side alternately to exclude possible 
interferences of asymmetries. The most incisal point of each tooth (line 
1) and the lip edge (line 2) were marked with a digital horizontal line, 
parallel to the inter pupil line (Line 3; Figure 1). The vertical distance 
between these lines was measured (Figure 1). Tooth display during 
smiling was calculated as a percentage of the clinical crown length as 
measured on the full dentition record. In case of a high lip line, gingival 
display above the cervical margin was expressed in millimeters. 
Sometimes the upper and lower lip covered both the gingival margin and 
incisal point. In that case lip line height was denoted as not measurable. 
If a tooth was not visible, lip line height was coded as missing.  
An extensive reliability study and a more detailed description has 
been reported earlier (Table 1).10 The data obtained with the digital 
videographic measurement method were used in the present study as a 
gold standard. 
 
Table 1.  Digital videographic measurement: Generalizability coefficients (GC) and  
  standard errors of measurement in millimeters (SEM) for spontaneous  
  smiling 
 
6.2.4 Semi-quantitative estimation of the smile line 
For the semi-quantitative estimation, the lip line heights on the 
spontaneous and posed smiling records were visually classified according 
to a scale. Two classification concepts were used: a 3-grade scale, which 
has been used before, and a 4-grade scale.15,16  
Following the 3-grade scale, a lip line height which revealed less 
than 75 percent of the tooth was visually classified as a low smile line. A 
lip line height which revealed 75 to 100 percent of the tooth and less than 
1 mm of gingival display was visually classified as an average smile line. 
A lip line height which revealed the total cervico-incisal length of a tooth 
 Maxilla 
 Anterior GC  /  SEM 
Premolars 
GC  /  SEM 
First Molar 
GC /  SEM 
Inter-examiner agreement 0.98 / 0.4 0.98 / 0.5 0.91 / 1.1 
Intra-examiner agreement 0.99 / 0.3 1.0 / 0.2 0.99 / 0.3 
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and a continuous band of gingiva (minimum 1 mm) was visually 
classified as a high smile line. 
In the 4-grade scale a gummy smile line was added as fourth 
category. Based on the results of perception studies4,19 in which smile line 
heights displaying more than 4 mm of gingiva were perceived as less 
attractive, a lip line height which revealed more than 4 mm of gingiva 
was classified as a gummy smile line (Figure 2). The other 3 categories 
were identical with the categories of the 3-grade scale. 
To determine the intra-examiner reliability for the 3- and 4-grade 
scale semi-quantitative estimation, all records were assessed twice by one 
examiner with a time interval of 2 weeks. To determine the inter-
examiner reliability all records were assessed by a second examiner. 
 
 
 
 
 
                 
                                                           (a)                                                                      (b) 
 
 
 
 
 
 
 
 
 
                                                           (c)                                                                       (d) 
 
Figure 2.  Four categories of smile line height 
  a. low  b. average  c. high  d. gummy 
 
6.2.5 Statistical analysis 
The measured tooth display and lip line heights were recoded into 
the above-described ordinal values of the semi-quantitative estimation: 
low, average, high and gummy smile line categories. Cohen’s kappa 
statistics were used to establish both inter- and intra-examiner reliability 
and the accuracy of the semi-quantitative estimation of smile line height 
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in relation to the quantitative measurements. These analyses were 
performed for each tooth. Following the conventions, kappa statistics of 
0.40, 0.60, and 0.80 were considered moderate, substantial and a lmost 
perfect, respectively.20  
An error analysis was performed for further investigation of sources, 
that might lead to differences (errors) between semi-quantitative 
estimations and quantitative measurements. The errors were correlated 
with the actual tooth length and the smile line height relative to the 
gingival margin. The significance level P<0.05 was chosen. This means 
that with a sample size of 122, correlations of .25 can be detected with a 
power of .80. 
 
Table 2.  Kappa statistics (K) and percentages (%) of inter- and intra-examiner  
  agreement for semi-quantitative estimation of lip line heights of the  
  maxillary central and lateral incisor, canine, premolars and first molar  
  during spontaneous and posed smiling 
 I1 I2 C P1 P2 M1 Median 
 K  /  % K  /  % K  /  % K  /  % K  /  % K  /  % K  /  % 
Inter-examiner agreement        
Spontaneous smiling        
3-grade scale estimation 0.89 / 94 0.84 / 91 0.85 / 91 0.88 / 95 0.75 / 92  0.93 / 97 0.87 / 93 
4-grade scale estimation 0.83 / 91 0.81 / 88 0.83 / 89 0.79 / 86 0.73 / 83 0.77 / 84  0.81 / 87 
Posed smiling        
3-grade scale estimation 0.88 / 93 0.85 / 91 0.74 / 84 0.89 / 95  0.88 / 95 0.90 / 95 0.88 / 94 
4-grade scale estimation 0.87 / 92 0.83 / 90 0.70 / 81 0.78 / 85 0.80 / 86 0.89 / 93 0.82 / 88 
Intra-examiner agreement        
Spontaneous smiling        
3-grade scale estimation 0.95 / 94 0.77 / 87 0.86 / 92 0.84 / 93 0.73 / 91 0.91 / 96 0.85 / 93 
4-grade scale estimation 0.92 / 96 0.73 / 82 0.82 / 88 0.76 / 84 0.75 / 84 0.81 / 87 0.79 / 86 
Posed smiling        
3-grade scale estimation 0.86 / 92 0.87 / 92 0.79 / 87 0.84 / 91 0.92 / 96 0.82 / 90 0.85 / 92 
4-grade scale estimation 0.85 / 91 0.86 / 91 0.73 / 82 0.73 / 81 0.89 / 92 0.72 / 79 0.79 / 87 
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6.3 Results 
 
Table 2 shows the inter- and intra-examiner agreement for the two 
concepts of semi-quantitative estimation, both for spontaneous and posed 
smiling. No substantial differences were noted between the values of 
inter- and intra-examiner reliability. The median values of the 3-grade 
scale estimation were considered almost perfect.20 For the 4-grade scale 
estimation, in which the gummy smile line was included, the kappa 
values were slightly reduced and were considered substantial to almost 
perfect. 
 
Table 3.  Kappa statistics (K) and percentages (%) of agreement between semi- 
  quantitative estimation and quantitative measurement of the lip line heights  
  of the maxillary central and lateral incisor, canine, premolars and first  
  molar during spontaneous and posed smiling 
 
Table 3 shows the kappa statistics and percentages of agreement 
between semi-quantitative estimations and quantitative measurements of 
tooth display and lip line height. The anterior teeth kappa values varied 
between substantial and almost perfect, both for spontaneous and posed 
smiling. The posterior teeth kappa values for spontaneous smiling varied 
between moderate and substantial. Kappa values for posed smiling varied 
between substantial and almost perfect.  
In Figure 3 the quantitative and semi-quantitative percentages of 
tooth display and lip line height in the sample are shown according to the 
4-grade scale. Both for spontaneous and posed smiling, the gummy smile 
 I1 I2 C P1 P2 M1 Median 
 K  /  % K  /  % K  /  % K  /  % K  /  % K  /  % K  /  % 
Spontaneous smiling        
3-grade scale estimation 0.81 / 90 0.76 / 87 0.75 / 85 0.71 / 84 0.58 / 85 0.77 / 90 0.76 / 86 
4-grade scale estimation 0.77 / 87 0.70 / 80 0.72 / 81 0.58 / 71 0.55 / 70 0.62 / 73 0.66 / 78 
Posed smiling        
3-grade scale estimation 0.86 / 91 0.72 / 83 0.73 / 83 0.75 / 86 0.89 / 95 0.77 / 88 0.76 / 87 
4-grade scale estimation 0.84 / 90 0.66 / 78 0.67 / 78 0.60 / 71 0.71 / 80 0.61 / 71 0.67 / 78 
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line category is mostly overestimated in the semi-quantitative judgment 
especially for the second premolar. The analyses of differences between 
semi-quantitative and quantitative ratings in the 4-grade scale showed 
significant correlations for rating errors associated with smile line height 
of spontaneous smiling (I1: r=0.20, p=0.026; P2: r=-0.26, p=0.007). No 
correlations were found for the 3-grade scale analyses of differences. 
 
 
 
 
 
 
 
 
 
 
 
 
a. Spontaneous smiling 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. Posed smiling 
 
Figure 3. Percentages of the quantitative measurement (Q) and semi-quantitative  
  estimation (SQ) of tooth display and lip line height according to the 4-grade  
  scale of the upper incisors, canine, premolars and first molar in the  
  population  
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6.4 Discussion 
 
The patient’s smile line plays an important role in contemporary 
orthodontics. Examples of lip-tooth relationships affecting an orthodontic 
treatment plan are reduced tooth display or vertical maxillary excess with 
gingival overexposure, compensatory overeruption, incisal and/or 
posterior occlusal plane canting, soft tissue asymmetry as a result of 
upper lip canting, a flat or inverse smile arc, missing papillae, midline 
deviations, or inadequate buccal corridors. When examining the whole 
range of lip-tooth relationships in a smile, simply observing a patient’s 
smile without any quantification, is not an adequate starting point for an 
evidence based decision regarding orthodontic therapy. Therefore a 
record is required for a dynamic smile analysis. Contemporary 
technologies such as digital videography are commonly available now 
and enable a dynamic soft tissue analysis which is feasible for clinical 
practice. 
By using records of spontaneous smiling next to posed smiling, 
diagnostics can be improved while it approaches the daily perception of 
patients by their social environment.12 In this study, records were 
analyzed by measurements as well as by visual and rational estimation. 
Visual estimation and perception can be less accurate than measuring and 
can be susceptible to interference. A reason for this is the cooperation of 
different parts of the brain in which retinal stimuli are associated with 
(re)cognition, the visual processing. Interference by visual processing can 
be visual illusion: e.g. if two teeth are the same length, the wider tooth 
seems shorter or if two teeth are the same size, the whiter one appears 
larger.1 By perceptual grouping, another interference of visual 
processing, the observation of single objects is less accurate, because 
perception of the whole is prior to that of its parts.21 This makes visual 
perception not suitable for all types of estimation. For example, visual 
estimation of tooth size discrepancies in dental arches was found to have 
low sensitivity and specificity.22 However, a study into detection and 
activity assessment of primary coronal caries lesions showed a high 
accuracy of visual estimation in combination with probing.23 Starting 
point for the present study was to develop an efficient and practical 
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method for smile line determination in combination with videography. 
Therefore the reliability of the semi-quantitative approach for smile line 
determination was tested on videographic records.  
The 3-grade scale semi-quantitative estimation is a commonly used 
approach in orthodontics and esthetic dentistry for the estimation of the 
smile line in the total anterior maxillary region. To avoid interfering 
factors of perceptual grouping as a result of visual processing, in the 
present study the classification was used on tooth level. When the smile 
line is estimated on each tooth, a rater is obliged to observe more 
carefully. As also the maxillary posterior region has to be considered as a 
part of the esthetic zone,5,16,24 the smile line was estimated up to the first 
molar. A drawback of the 3-grade scale is that no difference is made 
between a high and a gummy smile line. Gummy smiles can be 
considered as a serious esthetic problem.25 Smiles entirely displaying the 
teeth including more than 4 millimeters gingiva were judged negatively 
and disproportional gingival display correlated with personality 
characteristics such as lower self-esteem and neuroticism.4,19 Therefore, 
in the present study a fourth category was added to the semi-quantitative 
classification in order to distinguish gummy smile lines exceeding 4 mm 
of gingival display.  
The sample was restricted to Dutch military men. At first sight this 
sample seems to be a limitation of this study. It can result among others 
in a restriction of range for age and gender. However, as the aim of the 
present study was to test the reliability of smile line assessment as a 
method, confounding of the results by age or sex is not expected. 
Furthermore this sample was randomly selected from three age cohorts. It 
is most likely that all smile line categories were represented.  
Although esthetic analysis is very popular in contemporary 
orthodontics, relatively little research has been done regarding the 
reliability. Up till now, no researchers have reported a reliability analysis 
of the semi-quantitative estimation of the smile line. Basting et al26  
compared smile line height determination between the semi-quantitative 
and quantitative approach, but only focused on the average smile line 
height. Table 2 shows substantial or almost perfect kappa statistics for 
semi-quantitative estimation with little difference between the values of 
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inter- and intra-examiner agreement. The 3-grade scale estimation 
showed the highest reproducibility with median kappa statistics 
considered almost perfect.  
The agreement between the 3-grade scale estimation and the 
quantitative measurement method was substantial to almost perfect for 
both spontaneous and posed smiling except for the moderate agreement 
of the second premolar during spontaneous smiling. For the second 
premolar a discrepancy was noted between the relatively low kappa and 
the high percentage of agreement in the 3-category estimation. This is 
due to the high proportion of high smile line in the study sample. In 
classifications with a high proportion of one category, high agreement 
percentages could be due to chance alone. The kappa-coefficient corrects 
for this base rate agreement. By the addition of the extra grade scale of 
the gummy smile line, the agreement between semi-quantitative and 
quantitative approach also decreased. Especially in the premolar area 
during spontaneous smiling the agreement was moderate. When 
combining both reproducibility and validity, the 3-grade scale estimation 
showed the highest reliability.  
In order to learn from estimation errors, analyses of the differences 
between the semi-quantitative and quantitative approach were performed 
and correlated with possible interfering factors on visual processing such 
as actual tooth length and smile line height. The estimation errors were, 
however, relatively low as the kappa statistics in Table 3 were varying 
between moderate and almost perfect. The correlations with interfering 
factors were therefore not significant, weak and were found only in the 4 -
grade scale estimation for smile line height. Relative more estimation 
errors were made for central incisors with higher smile lines. For the 
second premolar no estimation errors were made in the relatively large 
highest grade scale. The negative correlation seems mainly due to 
estimation errors as a result of overestimation of the grade scales below.  
The results of this study indicate that the 3-grade scale estimation 
is a reliable means for determination of the smile line and thereby an 
instrument for clinical practice. Smile line discrepancies as well as the 
total smile line height can be efficiently detected in this way. Moreover 
the 3-grade scale offers a good means of communication regarding smile 
Chapter 6 
 134 
line height with colleagues or patients. Although high gum lines can 
easily be detected without a scale, this study shows that the estimation of 
the height of the smile lines in teeth showing more than 4 mm gingival 
display is less accurate and gingival display then seems to be 
overestimated. In this specific category of patients digital measurement 
of the lip line height is proposed.  
In general, when a complete low smile line is determined, intrusion 
therapy in adolescents should be avoided. Reduced tooth display as a 
result of lip coverage during smiling, speaking, and even when being at 
rest is associated with aging. Intrusion therapy will lead to a premature 
aged oral appearance, while tooth display is even more reduced by 
sagging of the lips in middle age. In case an average smile line height is 
determined, orthodontic intrusion should also be avoided as well as 
unwanted side effects of active therapy such as flattening of the smile 
arc.  
In patients, in which a complete high smile line is determined, it 
should be kept in mind that smiles displaying the teeth including some 
gingival display are perceived as most esthetic.4 However, when the 
balance between the amount of tooth and gingival display is lost, for 
instance, as a result of altered passive eruption, vertical maxillary excess, 
a short upper lip, or increased lip elevation with smiling,27,28 additional 
digital measurement of lip line height and tooth display is proposed for 
orthodontic diagnosis and treatment planning. The exact values can guide 
the decision for orthodontics and/or gingivectomy in milder cases and 
maxillary osteotomies in more severe cases. 
 
 
6.5 Conclusions 
 
Videography enables a dynamic soft tissue analysis in clinical 
practice. Smile line analysis can be performed reliably and practical with 
a semi-quantitative estimation using a 3-grade scale. An exception is the 
specific category of ‘gummy smile patients’ for which additional 
measuring is proposed for a more comprehensive diagnosis. 
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7.1 Introduction 
 
At present, for dental diagnostic purposes the posed smile is mainly 
used because of its reproducibility using photographic methods. 
However, smiling on a posed portrait photograph is not a realistic 
approach of smiling as an everyday interactive emotion. As a result of the 
differences between non-emotional and emotional behavior, posed 
smiling and spontaneous “Duchenne” smiling are considered to be 
different in psychophysiology and neurology. With respect to smile 
registration it is particularly the difference of timing between voluntary 
and involuntary expressions that is important. The timing of the posed 
smile can be determined beforehand and can be maintained for some time 
in case of a photographic registration. The arousal of a spontaneous 
smile, however, cannot be determined beforehand and the peak moment 
appears to lie at the end of the attack phase that lasts approximately 0.5 
second.1 The fast onset and fading out of a spontaneous smile make it 
impossible to capture the moment of maximum smile by using a photo 
camera. However, as was shown in this thesis with the use of a digital 
video camera the spontaneous smile peak indeed can be captured and 
selected. Moreover, it has been demonstrated that spontaneous smiling 
can be measured precisely and reproducibly.  
In this chapter the study design as well as the results are discussed, 
and indications for future research are given. 
 
 
7.2 A new method of registration and measurement of the smile 
 
7.2.1 The sample 
As head of a Dental Centre of the Ministry of Defense, I was 
responsible for the dental care of a large air force base. In that context, 
more insight was required into the esthetic aspects of the smile line and 
the visibility of teeth for the diagnosis as well as the treatment planning 
of more complex cases, such as oral traumatic injuries, total 
rehabilitations, or cases involving a multidisciplinary dental approach. 
Therefore, a research project was started in which the smile line,  the 
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visibility of teeth, and the smile attractiveness were investigated from a 
dental and psychological view.  
There is a scarcity of studies into the relative contribution of facial 
attractiveness to overall physical attractiveness. This is illustrated by the 
fact that only two textbooks could be found about facial attract iveness 
and facial appearance.2,3 Also the importance of physical attractiveness 
across the life span is not yet fully elucidated.4 Apart from research 
concerning facial disfigurement, the research into physical attractiveness, 
has concerned until now mostly the study of children and adolescents in 
relation to the judgment of peers and teachers. These age groups, 
however, fall outside the aims and scope of this thesis. Otherwise 
attractiveness research is concentrated mainly on dating, marrying and 
sexual experience, career opportunities, and criminality. Therefore, these 
investigations mostly apply to young and middle-aged adults. According 
to these studies5-11 this might be an age group, in which attractiveness 
plays an important role in social relations, due to the fact that this age 
group is confronted with the important choices of finding and marrying a 
partner, as well as a suitable and satisfying professional and social 
career.12,13 Taking all this into account, this resulted in the choice of the 
age group of this study: 20 to 55 years. The sample was randomly 
selected from a total population of 1069 males on an air force base. The 
choice for this population had some strengths, but, not surprisingly, also 
some limitations.  
For instance, a serious limitation of the sample was that it was 
selected from an air force base. For that reason, it was restricted only to 
men as a result of the limited number of military females on air force 
bases. Therefore, gender differences could not be studied in this thesis. 
Next to anatomical gender differences, it could be imagined that female 
attractiveness, being an indicator of reproductive fitness in women 
according to fitness related evolutionary theories (paragraph 1.2.4), is 
more significant than male attractiveness. Meta-analytic and review 
studies, however, found that attractiveness is equally important for males 
and females.14,15 Apart from this particular limitation, in the studies 
testing the videographic measurement method and the semi-quantitative 
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estimation in the sense of method development, bias of the results by sex 
or age is not expected.  
Another limitation of the present sample was that admittance to the 
air force implies selection according to physical and psychological 
criteria. Consequently, the sample was not a representation of the general 
Dutch population because military professionals are selected, among 
others, on physical health and capacities, physical performances, mental 
stability, and education. Bodily defects, a low physical condition, and 
insufficient cognitive qualities or low abilities on mental, motivational, or 
social criteria, are exclusion criteria for admittance to the air force. 
Working in the air force also imply periodical physical tests and dental 
care. At the same time this restriction also was in favor of the sample, 
because it implied a certain degree of homogeneity of the sample. 
Besides, different professional groups within the air force were 
represented. This resulted in a wide range of educational and social 
levels.  
Therefore, the results of this study apply predominantly to the 
population of the Royal Netherlands Air Force. However, smiling is a 
widespread and common human emotion. Due to this fact, it is very 
plausible that the core aspects of the current research generalize to other 
populations, such as, for instance, patients in a general dental practice.  
 
7.2.2 The digital videographic measurement method 
In this thesis, a method is presented for the registration and 
measurement of the spontaneous smile and speech in clinical practice: the 
digital videographic measurement method. This method has several 
advantages. First, the patients are allowed to behave in a natural way 
during the registration, predominantly due to the absence of 
standardization equipment for fixation of the head, such as ear rods. 
Furthermore, spontaneous smiling is easily elicited in the proposed new 
configuration as the participant‟s attention is not compulsory focused on 
the video camera, but instead attracted to a television screen showing 
practical jokes. We strongly believe that the proposed digital 
videographic measurement method, which is developed for effective use 
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in clinical practice, is preferred over other methods for smile  line 
measurement.  
The qualitative method for assessing a smile line is not satisfactory, 
because (1) it is essentially subjective, (2) it can not be quantified, and 
(3) it lacks a record for further assessment of the smile. Even the most 
simple quantitative method with a hand held caliper has the serious 
disadvantage that it lacks a record of the smile, while accurate 
measurement of spontaneous smiling or speaking is not possible. As the 
digital videographic measurement method is designed for use in clinical 
practice, smile registration can be carried out easily (see Chapter 2). Most 
of the time, the required video camera is available.  
The measurements of tooth display and lip line heights in the current 
study were performed with the help of a software programme for digital 
dental radiography (Orion Corporation Soredex, Helsinki, Finland). 
Nowadays, digital radiography is frequently used in clinical practice and 
the accessory software programs generally contain a measuring device in 
which pixel distances can easily be calibrated.  
Using the digital videographic measurement method, the results 
were subjected to extensive reliability testing. Such a reliability analysis 
of lip line measurements for the purpose of smile assessment is only 
provided in a few publications.16-18 In our study, it was tried to replicate 
the use of the digital videographic measurement method in a clinical 
setting. Therefore, the choice was made for a statistically testing 
generalizability, using generalizability theory.19 In contrast to the above 
mentioned studies, the present sophisticated reliability analyses are a 
faithful replication of use in clinical practice with various raters, various 
measurement locations (teeth), various selections, and a number of 
replications. The more usual statistical techniques, such as ANOVA, Chi-
square test, or Cronbach‟s alpha cannot carry out such a more complex 
analysis, because it is not a matter of the height of the scores, but rather 
of the integral precision thereof. With the intraclass correlat ion it is only 
possible to measure one observed factor (facet). The generalizability 
theory is related to the intraclass correlation, but makes it possible to 
measure various differentiation facets (participants and teeth) and 
instrumentation facets (rater, selection and replication). This makes this 
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study the only one in which all the teeth are measured for a reliability 
analysis of the lip line during smiling. Moreover, the reliability analysis 
shows that the digital videographic measurement method is a reliable 
instrument not only from a scientific perspective, but also for clinical 
implementations.  
Nowadays, 3D registration techniques, like optical laser scanning 
and videotracking, are available. The indication fields of the 3D imaging 
technique primarily focus on analysis and surgical planning for the 
benefit of facial paralysis, facial osteotomies, or facial reconstruction. 
Due to its complexity and the very high costs, to date 3D imaging 
techniques remain specifically restricted to clinics with super 
specializations in the field of maxillo-facial surgery, plastic surgery, and 
orthodontics. In spite of the sophisticated technique, however, the 
reliability of several computer-based 3D-techniques remains open for 
discussion20 and reliability and validation studies are underway in several 
centers around the world. 
Until now, these 3D-techniques were not used for lip-tooth 
relationships during spontaneous smiling or speaking. Compared to the 
digital videographic measurement method, which is especially intended 
for lip-tooth relationships during smiling and speaking, the indication 
field for the 3D-imaging techniques still lies more at the facial level. In 
the videographic digital measurement method a possible alternative could 
be to place the camera in such a position that the patient is recorded at an 
angle (semi-profile) providing a more complete picture of the differences 
that may be produced by surgery.21 Further research would have to prove 
the applicability hereof.  
 
7.2.3 Visual estimation of the smile line 
Exact measurements of the smile line and tooth display might not be 
required for all soft tissue analyses. In some cases, such as a routine 
diagnostic screening of the smile line, an estimation that is reasonably 
accurate can be quite satisfactory.  
In this study, a semi-quantitative method is proposed for visual 
estimation of the smile line height. This method of semi-quantitative 
smile line estimation has a number of advantages for the clinician. First, 
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semi-quantitative estimation is less time consuming than the use of 
quantitative measurements. Furthermore, the results have objectivity due 
to the rational estimation using ordinal scales. Moreover, by performing 
the semi-quantitative estimations on tooth level, possible interferences, 
such as visual illusions due to visual processing in the brain, are mainly 
avoided. 
 
 
7.3 The esthetic zone in an age perspective 
 
To gain insight into changing smile lines and tooth display, when 
growing older, a specific aim of this study was to analyze smiling lip line 
heights and age effects in an adult male population. To our knowledge, 
no similar research has been described previously. Therefore, it forms a 
necessary first step in research related to adults and smiling. Yet the 
range of the esthetic zone and the effects of maturation and aging must be 
included in the esthetic diagnosis in order to achieve long-time functional 
and stable solutions from an esthetic perspective. Because of the 
differences found between spontaneous smiling and posed smiling, 
spontaneous smiling formed the basis of this research in addition to 
speech and natural rest position. A between-subject cross-sectional test 
was chosen for scrutinizing the influences of age on the lip line. A 
within-subject longitudinal test would have been the ideal approach, but 
was from a practical point of view not feasible in the time-period of this 
study. 
In most cases the registration of the esthetic zone is just a moment in 
time. Because of the relatively young patient population, in orthodontics 
one is used to deal with (short-term) changes as a result of the process of 
growth in adolescence. Apart from growth, in dentistry little or no 
account is taken of the effects of maturation and aging, as can be 
concluded on the basis of the rather limited number of studies that 
explicitly provide data concerning age effects on the esthetic zone. It is 
observed that with age the upper lip undergoes substantial changes in 
anatomical as well as facial proportions resulting in a loss of lip 
thickness, sizeable changes in architecture, and decreasing vermillion.22,23 
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In older age the lips gradually tend to become flatter, the cupid‟s bow 
finally is lost, and the oral commissures descend.24 In this thesis, it is 
proposed that these effects of maturation and aging should be explicitly 
included in esthetic diagnostics in order to achieve long-term esthetic and 
functional dental treatment results. Reduced tooth display as a result of 
lip coverage during smiling, speaking, and even when being at rest is 
associated with aging. It is not only important that a currently good 
treatment result will still result in a pleasing smile 20 years later, but also 
that a treatment will not lead to premature aging. That can, for example, 
be the result of employing esthetic ideals that are not applicable to the 
age of the patient.  
However, a major question is: what should be an adequate lip-tooth 
relationship at a younger age to achieve a good long-term result? To date 
this question cannot be answered sufficiently due to the absence of 
quantitative data with regard to changes in lip-tooth relationships during 
spontaneous smiling, speech, and being at rest in relation to aging. The 
research in this thesis has now given an initial impetus to this, although 
this study is not a longitudinal one. In the oldest age group (50-55 years), 
the results showed a considerable upper lip lengthening and a lessening 
of maxillary incisor display at rest in comparison to the 30 year younger 
age group. On the other hand, the mandibular incisors of the oldest age 
group were more visible in the natural rest position. Furthermore, it was 
interesting to note that a coverage of the teeth by the upper lip as a result 
of age, was also present, but to a lesser extent, during spontaneous 
smiling and speaking; both situations involving more muscular activity. 
During spontaneous smiling the mandibular anterior teeth were displayed 
more in the higher age cohort, but not during speaking. The difference of 
age effects between dynamic and static situations was a remarkable 
finding. If these differences are indeed the result of muscular activity, 
then it should be taken into consideration in cases with upper lip 
hypermobility during smiling. Therefore, the suggestion found in 
literature16 that gummy smile lines will diminish with age should be 
regarded with reservation. 
The results described above confirm our proposition that in esthetic 
diagnostics the effects of maturation and aging on the lip-tooth 
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relationships should be taken into account. In the case of young patients 
with reduced maxillary tooth display, it will mean that tooth display will 
be even more reduced when becoming older, with the risk of an early 
aged appearance. Also the focus on a maxillary smile line just below the 
gingival margin in the treatment of young persons does not seem 
adequate. On the one hand, an average smile line will later in life turn 
into a less youthful-looking low smile line. On the other hand, smiles 
displaying the teeth including some gingival display are perceived as 
most esthetic (Chapter 3). Moreover, on the basis of our findings one 
should be more apprehensive about the side-effects of dental treatment 
leading to reduced tooth display such as flattening of the smile arc as a 
result of orthodontic or prosthetic therapy.  
 
 
7.4 A psychological approach to the smile line, tooth display, and 
smile attractiveness 
 
Although, nowadays, esthetic dentistry is very popular, the scientific 
basis of esthetic dental concepts is relatively small. Until now theoretical 
concepts from the arts were proposed, such as the golden ratio, which is 
connected with the Antique Culture.25 Or famous dentists and dental 
specialists proposed their own experience-based esthetic concepts to 
dental professionals all over the world. It is the question, however, 
whether these theoretical or clinical models have any connection to the 
way in which real patients perceive their smiles. This relates to a dental 
study that found serious discrepancies between professional dental norms 
and patient satisfaction.26 
In this thesis, the esthetics of the smile were not only studied from a 
dental point of view. Instead, an approach was chosen featuring the study 
of the attractiveness of and satisfaction with the smile from a patient 
perspective and a psychological point of view. This relates to subjective 
self-perception of smiling. In our opinion, it is more important how 
patients, who are the best authority on their own experience, judge their 
own smiles than how it is judged by others. Moreover, it has become a 
general tendency in medicine to focus increasingly on the perception of 
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patients, next to the more traditional outcome measures. An example is 
the employment of quality of life as measures of the impact of medical 
and dental interventions.27,28 
In this approach, patients judged the attractiveness of their own 
smile by means of a spontaneous smiling photograph of their face and a 
questionnaire. In contrast to a number of studies in which only the smile 
itself was photographed,29,30 in this particular study the smile was 
assessed in the context of the whole face. The judgment of the mouth as a 
separate component, isolated from the rest of the face, can be useful for 
certain research purposes, but without an holistic approach it is not 
possible to understand smile attractiveness as a part of fac ial 
attractiveness. Striking examples are some movie stars who have an 
attractive smile that is not technically perfect, when seen from a dental 
perspective; however, when the smile fits in the face, the imperfections 
are not always regarded as disturbing. This applies to the old 
psychological law of perception that “the whole is more than the sum of 
its parts”. It can also be indicated as the holistic approach of smiling and 
speaking. This approach is in line with researchers who advocate a focus 
on overall physical attractiveness and not a particular manipulated 
determinant.31,32 
Our study reveals convincingly that self-perception of smile 
attractiveness is a far more complex psychological process than was 
assumed before. For self-perception of smile attractiveness, critical 
factors were size and visibility of teeth and upper lip position (social 
dimension). For satisfaction with smile appearance, critical factors were 
color of teeth and gingival display (individual dimension). Patients, 
smiling with teeth entirely displayed and some gingival display, 
perceived their smiles as most esthetic. 
Self-perception of smile esthetics showed that a negative perception 
of gingival display correlated with two striking personality factors: self-
esteem and neuroticism. Self-perceived visibility of teeth and position of 
teeth correlated with the personality factor dominance. The possible 
causal relationship between (self-perceived) attractiveness and 
personality characteristics is a challenging subject as it is still not fully 
comprehended. A number of sociobiological and sociocultural 
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perspectives predicts a relation between facial attractiveness and 
personality characteristics.33 A positive relationship between 
attractiveness and self-esteem has been observed in a review of studies 
using self-ratings of attractiveness.34 More attractive people are higher in 
self-esteem than less attractive people, but, in line with this thesis, until 
now only weak relationships were found. Also for the relationship 
between attractiveness and other personality factors only weak 
relationships were found until now. 
The traits used in our study were basic personality factors and the 
correlating traits were considered important personality factors. However, 
it should be kept in mind that these traits are extremely broad and reflect 
global tendencies. Therefore, a large impact on facial attractiveness could 
not be expected. It is quite plausible that much stronger associations 
could be identified in case of the employment of less broader traits that 
make more fine-grained analyses possible. So, it appeared that more 
attention could have been given to more specific traits of a person and 
less to general basic personality traits.  
Another aspect of the relationship between personality and 
attractiveness is that there are indications that self-esteem also plays a 
role in self-perception of attractiveness. In a large study of 1018 children 
aged 11-12 years, self-perception of facial attractiveness was 
significantly associated with self-esteem.35 Participants who underrated 
their facial attractiveness compared to ratings by others had a lower mean 
score for self-esteem. An esthetic dental treatment in such a group may 
have psychological benefits. 
The results of our research underpin the psychosocial importance 
and dental significance of an attractive smile. Especially smiles with 
disproportional gingival display have a negative influence on self-
perception. Apart from that, perception of smile attractiveness is a 
complex process. The mouth, within the context of the face, is seen as 
one entity and is judged in the harmony of shape and color. Adequate 
examination and communication about the perception of patient and 
dental professional are therefore indispensable parts of an esthetic dental 
treatment plan. Assessment of smile attractiveness by means of 
visualization with a spontaneous smiling photograph and a questionnaire 
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may be an adequate procedure in this process of communication and 
synchronization between the patient and the clinician.  
 
 
7.5  Clinical applications 
 
The advantage of a realistic diagnosis is illustrated by the treatment 
of a gummy smile. A gummy smile can result from altered passive 
eruption of the upper anterior teeth, vertical maxillary excess, a short 
upper lip, or increased lip elevation with smiling.36,37 In the case of a 
gummy smile with 2 to 4 mm gingival and mucosal display one can opt 
for (1) orthodontic intrusion therapy possibly in combination with 
periodontal surgery, or (2) the possibility of periodontal surgery and 
restorative treatment. A smile line with 4 to 8 mm gingival and mucosal 
display could be treated by periodontal surgery and restorative treatment, 
if the remaining bone supported part of the root and the crown-to-root 
ratio allow this. Another possibility is relocation of the maxilla by 
orthognathic surgery. Recently, also a botilinum toxin type A (botox) 
injection in patients with hypermobility of the upper lip was shown to be 
effective in reducing excessive gingival display. This therapy is, 
however, still experimental and the results are transitory.38 In smile lines 
displaying more than 8 mm of gingival and mucosal tissue orthognathic 
surgery is the only therapeutic possibility whether or not with other 
adjuvant therapies. To make an optimal choice for any of the treatment 
possibilities a realistic determination of the height of the smile line is of 
great importance, the more so because patients may have adopted a 
learned smile due to shame or dissatisfaction with their appearance. 
Because of the dynamic nature of spontaneous smiling, it is proposed to 
switch to dynamic video recording (watching the comical video film 
included) of the spontaneous smile in clinical settings. 
In our research, measurements were always performed on tooth 
level. More attention to esthetic problems on tooth level, which become 
part of the overall esthetic picture, may lead to a more effective smile 
design. In this connection a number of aspects can be mentioned that are 
related to the smile line and require extra attention during diagnosis and 
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therapy. Exposure of gingival margin discrepancies disrupt a harmonious 
smile. Examples of gingival discrepancies are: (1) an uneven gingival 
margin in combination with reduced tooth length caused by overeruption 
of abraded or traumatized teeth, (2) an incorrect gingival margin 
relationship, caused by unnatural pontic length or implant placement, and 
(3) an anterior-posterior step in the gingival line with gingival 
overexposure in the posterior region. Also the display of a missing 
interdental papilla in particular between the maxillary central incisors is a 
key esthetic factor.39 
The esthetic zone is often associated with the visibility of the 
maxillary anterior teeth. However, our results showed that during 
spontaneous smiling all maxillary teeth up to the first molar were shown 
in 75% of the participants. Furthermore the lip line in relation to the 
gingival margin was higher in the premolars than in the anterior teeth and 
frequently the gingival margin was also visible. This means that the 
posterior teeth not only play an important role in theoretical concepts.40 
Also in reality they should not be ignored in establishing the esthetic 
treatment plan. Examples of an esthetic neglect in the posterior teeth are 
overexposure of posterior gingiva as a result of orthodontic treatment 
which interrupts a natural transition from anterior to posterior teeth. A 
restorative dentistry example is visible crown margins combined with 
typical darkened cervical areas in the posterior teeth. Based on the 
findings in this thesis it is proposed to extend the esthetic zone to the first 
maxillary molars and also to include the mandibular anterior teeth.  
In this study, it is also proposed to take other frequent emotional 
expressions into consideration, particularly anterior tooth display during 
speech. During speaking, the mandibular anterior teeth and premolars can 
not only be seen more often than during smiling, also a larger part of 
these teeth is displayed. In contrast, the maxillary anterior teeth are more 
covered by the upper lip during speaking than during smiling. The 
esthetic zone mainly involving the maxillary teeth during smiling, shifts 
more toward the mandibular teeth during speaking. Therefore, during 
speaking the attention for the esthetic diagnosis lies more on the 
appearance of the mandibular teeth and a harmonious curvature through 
the incisal edges and cusps. 
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In contemporary prosthodontics41 and orthodontics42 the appraisal of 
the position of the maxillary central incisors is made among others with 
the patient‟s upper lip at rest. This is done because the posed smile is not 
considered a reproducible and accurate guide for tooth positioning. 
Therefore, incisor display in the natural rest position is used as a guide to 
tooth positioning and should be correlated with tooth display during 
speech. In our study a significant coherence of lip line heights during 
spontaneous smiling, speech and tooth display in the natural rest position 
was shown only for the maxillary teeth and not for the mandibular teeth. 
Moreover, by using the situation of the natural rest position and/or speech 
only, insufficient attention is paid to the diagnostics of a harmonious 
gingival contour also in relation with the smile line and a well-
proportioned lip-tooth relationship during smiling. In addition a 
harmonious relationship between maxillary and mandibular tooth display 
should be taken into consideration especially because maxillary tooth 
display decreases with aging in contrast to mandibular tooth display. In 
the light of our findings which showed that spontaneous smiling and 
speech could be captured and measured with high reliability, it is our 
recommendation to use spontaneous smiling and speech as a guide for 
tooth positioning both in the maxilla and mandible.  
In this thesis, the clinician is presented with an evidence-based 
method for visual and rational estimation of the smile line height. By the 
combination of a videographic registration of smiling (and possibly 
speaking) with an efficient and practical semi-quantitative smile line 
assessment, a routine diagnostic screening of the smile line can be 
performed in daily patient care. However, in more specific cases where 
the exact values of tooth or gingival display guide the decision of a 
therapy, for instance a gummy smile therapy, a more elaborate 
assessment of the smile line by measuring is proposed.  
 
 
7.6 Future research 
 
In the last decades, esthetics has influenced medicine and dentistry 
above all expectations. Together with the increased wealth a great part of 
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our population not only desires a healthy but also a youthful and 
attractive body. This desire is understandable, because physical 
attractiveness can play an important role in interpersonal contacts and in 
the ways a person is treated by others. This thesis has been performed to 
make a contribution to a responsible and appreciated esthetic approach in 
dentistry. From a starting point of respect for patients‟ body and 
perception, their spontaneous expressive behavior and self-perception 
were studied. Of course, smile esthetics should fulfill a number of dental 
criteria, but these cannot be separated from someone‟s whole person and 
personality. An aspect of this is that someone‟s facial expression is 
determined by both the position of the eyes and the appearance of the 
mouth and teeth. Further study should focus on the patients‟ perception 
of oral esthetics, on oral esthetics as part of facial attractiveness, and on 
the context of body perception of an individual also in interaction with 
others.  
From a dental point of view longitudinal studies are needed into 
aging processes and their influence on smile line heights and tooth 
display, taking into account gender differences. Next to this, further 
research should be performed on the registration of spontaneous emotions 
as the rapidly advancing technology offers new opportunities. One 
interesting aspect of progressing technology for capturing emotions is the 
face detection technology to sense when a subject smiles, which was 
recently also applied in consumer digital photo- and video cameras 
(Sony®, Sony Corporation, Tokyo, Japan). With Sony‟s „Smile Shutter 
technology‟ one should be able to capture smiling photos and record 
video at the same time. When activated the technology will detect and 
automatically take a photo when a person smiles, without having to 
switch to photo mode or press the photo button.  
Another aspect of advancing technology for capturing facial 
emotions is 3D video tracking. With this technique a more realistic 
record can be made and it also allows a lateral view and measurement of 
the face. It may be expected that with the rapidly advancing virtual 
technology, 3D imaging will become available at a lower price in the 
years to come which offers exciting possibilities for advanced diagnostics 
and treatment planning in dentistry and medicine. 
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Chapter 1 describes the smile from a psychological and dental 
perspective. From a psychological point of view, smiling and laughing 
can be considered as part of expressive behavior. Next to speech and 
facial expression, physical appearance influences the interpersonal 
communication. The oral area becomes a centre of attention when people 
speak, smile, and display their feelings. As a result of this, the oral area 
plays an important part in facial attractiveness. Moreover a bright smile is 
associated with sympathy, extraversion, intelligence, and attractiveness.  
 A number of psychological theories predict that attractiveness of an 
individual has a significant influence on the judgments and treatments by 
others and on the behavior and traits of the individual itself. Meta-
analysis of facial attractiveness studies has shown that attractive children 
and adults exhibited more positive behaviors and traits than unattractive 
persons. A study also suggests a substantial relation between smile 
attractiveness and a positive psychological state, but until now there is no 
convincing evidence for this indication. Furthermore some studies show 
that other’s perception of attractiveness can diverge with self-perception. 
Moreover there are indications for discrepancies between the dental 
professional norms and the patients’ satisfaction regarding the esthetics 
of their dental appearance. The question remains how patients judge their 
smiles and dental appearance in everyday life and which esthetic aspects 
are meaningful in the self-perception of smile attractiveness.  
 From a dental point of view a balanced lip-tooth relationship forms 
the basis of an attractive smile. The elevation of the lips during smiling 
determines the display of the teeth and thus the height of the smile line. 
Consequently the smile line can guide the choice and realization of a 
dental therapy from an esthetic point of view. A smile line which displays 
only a portion of the teeth is often associated with aging. However, in 
case of a high smile line, the effects of tooth loss or esthetic 
complications of the teeth or gums are more exposed.  
 Attention for the smile line is therefore essential in dentistry and 
dental esthetic diagnostics. Yet attention for the smile line deserves some 
remarks. The contemporary methods are not or insufficiently designed to 
determine the smile line adequately. These methods are mainly designed 
for analysis of the posed social smile and not for spontaneous ‘Duchenne’ 
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smiling. Furthermore empirical data concerning tooth display during 
spontaneous smiling and speaking is rather limited. Besides, data is 
lacking concerning the effects of maturation and aging on the height of 
the smile line and tooth display.  
 
Chapter 2 concerns the development of a method to measure tooth 
display and lip-line height during smiling and speaking. Tooth display 
and lip position in smiling are important aspects of the esthetic analysis 
in the practice of orthodontics and dentofacial surgery. The spontaneous 
smile and speech are considered valuable diagnostic criteria in addition to 
the posed social smile. The digital videographic measurement method 
was developed to measure tooth display in both smile types and in 
speech.  
In this chapter the digital videographic measurement method was 
applied in clinical practice and its reliability established. The faces of 20 
subjects, while watching a video film, were individually filmed with a 
digital video camera. Spontaneous smiles were elicited by a video film 
with practical jokes. Posed social smiles and speech records were also 
included. The recordings of smiling and speech were transferred to a 
computer and analyzed on videoframe level. The dynamics of the 
spontaneous smile were captured twice and two independent raters were 
involved in the measurements. The statistical analysis of the reliability of 
the digital videographic measurement method was established by means 
of the generalizability theory. It incorporated rater, replication, and 
selection facets.  
The generalizability coefficients ranged from .99 for the anterior 
teeth to .80 for the posterior teeth. Inaccuracies were mainly associated 
with rater and selection facets. The replication facet was a minor source 
of inaccuracy.  
This digital videographic measurement method is a reliable approach 
to determine tooth display and lip position in spontaneous and posed 
smiling, and speaking. Application of the method (watching the comical 
video film included) is warranted especially when obtaining an emotional 
smile is difficult, such as cleft lip and palate or disfigured patients.  
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Chapter 3 presents the study to self-perception of smile attractiveness. 
The role of smile line and other aspects of smile-esthetics on the self-
perception were determined and their influence on personality traits was 
investigated. In this study, the subjects were requested to assess their 
smile attractiveness by means of a patient-specific questionnaire. On the 
left page a spontaneous smiling photograph of the subject was printed. 
On the right page, subjects judged the general attractiveness of and 
satisfaction with the smile. Furthermore they assessed the contribution to 
the smile attractiveness of size and color of teeth, position and visibility 
of teeth, the upper lip position and the visibility of gums. In addition the 
objective smile line height of each subject was measured using a digital 
videographic method for smile analysis. The personality of the subjects 
was assessed with the Dutch Personality Index (NPV). 
The smile judgment questionnaire achieved high reliability 
(Cronbach’s α = .77). The results showed that size of teeth, visibility of 
teeth, and upper lip position were critical factors in self-perception of 
smile attractiveness (social dimension). Color of teeth and gingival 
display were critical factors in satisfaction with smile appearance 
(individual dimension). Subjects, smiling with their teeth entirely 
displayed and some gingival display (two to four millimeters), perceived 
their smile line as most esthetic. However, smiles with disproportional 
gingival display were judged negatively. This negative perception 
correlated with the personality characteristics of neuroticism and self-
esteem. A positive perception of visibility and position of teeth correlated 
with dominance. 
The results of this research underpin the psychosocial and dental 
importance of an attractive smile. 
 
The study described in Chapter 4 investigates tooth display and the 
position of the lips during spontaneous smiling and the posed (social) 
smile. The differences were studied between the posed smiling record, 
traditionally produced for orthodontic diagnosis, and the spontaneous 
(Duchenne) smile of joy, determined with the digital videographic 
measurement method. The study focused on differences in tooth display, 
lip-line height, and smile width. 
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The faces of 122 male subjects were each filmed during spontaneous 
smiling. Spontaneous smiles were elicited through the subjects watching 
a comical movie. Additionally a posed smile record was made of each 
subject. The smiles were analyzed and measured by means of the digital 
videographic measurement method. Measurements were performed of the 
maxillary and mandibular lip-line heights, the display of the teeth, and 
the smile width.  
The maxillary lip-line heights during spontaneous smiling were 
significantly higher than during posed smiling. Compared to spontaneous 
smiling, tooth display in the (pre)molar area during posed smiling 
decreased by up to 30%. Furthermore smile width decreased 
significantly. During posed smiling, also mandibular lip-line heights 
changed and the teeth were more covered by the lower lip than during 
spontaneous smiling. 
 From a diagnostic point of view, spontaneous smiling records next 
to posed smiling records are indicated in dental practice. This requires a 
digital videographic method because of the dynamic nature of 
spontaneous smiling. In this way a more realistic diagnosis from lip-line 
height, smile arc, buccal corridors, and plane of occlusion is obtained.  
 
The aims of the study, presented in Chapter 5, were to analyze lip-line 
heights and age effects in an adult male population during spontaneous 
smiling, speech, and tooth display in the natural rest position. 
Furthermore, it was determined whether lip-line height follows a 
consistent pattern during these different functions. The sample consisted 
of 122 randomly selected male subjects from three age cohorts (20–25 
years, 35–40 years, and 50–55 years). The lip-line heights were measured 
with the digital videographic method for smile analysis.  
The maxillary lip-line heights during spontaneous smiling were 
generally higher in the premolar area than at the anterior teeth. The 
esthetic zone in 75 per cent of the participants included all maxillary 
teeth up to the first molar. Significant correlations confirmed that the 
maxillary lip-line height of a person follows a coherent pattern during 
spontaneous smiling, speech, and tooth display in the natural rest 
position. In older subjects, maxillary lip-line heights decreased 
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significantly in all situations. Lip-line heights during spontaneous smiling 
were reduced by approximately 2 mm. The mandibular lip-line heights 
also changed significantly in older subjects. During spontaneous smiling 
the mandibular teeth were displayed less, but tooth display in the rest 
position increased significantly. Upper lip length increased significantly 
by almost 4 mm in older subjects, whereas upper lip elevation did not 
change significantly. 
The significant increasing lip coverage of the maxillary teeth 
indicates that the effects of age should be included in orthodontic 
treatment planning. 
 
In Chapter 6 a study is described in which exact measuring of the smile 
line-height is compared with visual estimation. By means of the digital 
videographic measurement method, spontaneous smiling can be captured 
and analyzed, and the smile line height can be measured. However, exact 
measurements of the smile line and tooth display might not be required 
for all soft tissue analyses. Furthermore quantitative measurements are 
relative time consuming and therefore less suitable for routine diagnostic 
screening of the smile line. Next to quantitative measurements, another 
method to determine smile line height is to use visual estimation. Visual 
estimation is performed using a standard categorization and is referred to 
as the semi-quantitative method. The semi-quantitative estimation can be 
based on a 3-grade scale (a low-, average-, and high smile line) or a 4-
grade scale (a low-, average-, high-, or gummy smile line). The reliability 
of the semi-quantitative estimation with either the 3- and 4-grade scale 
estimation was established in a sample of 122 subjects. Two raters were 
included and a replication measurement was performed. In addition 
quantitative measurements of the smile line height and tooth display were 
performed with the digital measurement method, which had previously 
been tested and found reliable.  
Inter- and intra-examiner reliability was high with median kappa 
values from 0.79 to 0.88. Agreement of 3-grade scale estimation with 
quantitative measurement showed higher median kappa values (0.76) 
than the agreement of the 4-grade scale estimation with quantitative 
measurement (0.66). Consequently the estimation of a low-, average-, and 
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high smile line for each tooth showed high reliability close to quantitative 
measurements. Smile line analysis can be performed reliably with a semi-
quantitative 3-grade scale visual estimation. An exception is the specific 
category of ‘gummy smile patients’ for whom measuring of the height of 
the smile line is needed for a more comprehensive diagnosis. 
 
In Chapter 7 the overall results of the study are discussed. Further study 
topics include the patients’ perception of oral esthetics, oral esthetics as 
part of facial attractiveness, and in the context of body perception of an 
individual also in interaction with others. Furthermore longitudinal 
studies are needed into aging processes and their influence on smile line 
heights and tooth display. The fast progressing technology for capturing 
emotions, such as face detection technology, can offer an important 
contribution to future research of the smile line.  
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Hoofdstuk 1 behandelt de lach vanuit een psychologisch en 
tandheelkundig perspectief. Psychologisch gezien vormt lachen een 
onderdeel van expressief gedrag. Naast het spreken en de mimiek, kan het 
uiterlijk van iemand van invloed zijn op de communicatie. Veel aandacht 
gaat daarbij naar de mond als mensen met elkaar communiceren. De 
mond wordt tot een middelpunt van aandacht, als mensen spreken, lachen 
en gevoelens uiten. Daarmee krijgt de mond een belangrijk aandeel in de 
aantrekkelijkheid van het gezicht. Een mooie lach wordt geassocieerd 
met sympathie, extraversie, intelligentie en aantrekkelijkheid. 
In verschillende psychologische theorieën wordt aangenomen dat 
aantrekkelijke personen over het algemeen door anderen beter bejegend 
worden en dat dit op zijn beurt gunstig inwerkt op hun persoonlijkheid. 
Aantrekkelijke mensen zouden meer zelfwaardering en zelfvertrouwen 
bezitten en beschikken over betere sociale mogelijkheden. Een onderzoek 
wijst ook in de richting van een verband tussen enerzijds een 
aantrekkelijke lach en anderzijds bepaalde, vooral positieve 
gewaardeerde persoonlijkheidskenmerken, maar hiervoor ontbreekt 
vooralsnog een overtuigend bewijs. In andere onderzoeken komt naar 
voren dat het oordeel van anderen over iemands aantrekkelijkheid niet 
overeen hoeft te komen met diens zelfbeoordeling. Ook zijn er 
aanwijzingen voor discrepanties op het gebied van de esthetiek tussen 
enerzijds professionele tandheelkundige normen en anderzijds de 
perceptie en tevredenheid van patiënten zelf. Het blijft nog altijd de 
vraag, hoe patiënten in de praktijk van alledag hun mond en lach 
beoordelen en wat zij daarbij belangrijk en aantrekkelijk vinden. 
Tandheelkundig gezien vormt een evenwichtige relatie tussen de 
lippen en de tanden een basis voor een aantrekkelijke lach. De mate van 
optrekken van de lippen tijdens het lachen, bepaalt de zichtbaarheid van 
de tanden en kiezen en daarmee de hoogte van de lachlijn. Vanuit een 
esthetisch oogpunt kan de lachlijn daardoor van doorslaggevende 
betekenis zijn bij de keuze van een tandheelkundige therapie. Zo wordt 
bijvoorbeeld een lage lachlijn met weinig zichtbaarheid van de 
gebitselementen geassocieerd met een ouder aandoend uiterlijk. 
Daarentegen in geval van een hoge lachlijn, worden het verlies van 
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gebitselementen of esthetische problemen van de tanden of het tandvlees 
meer zichtbaar.  
Aandacht voor de lachlijn is dus onontbeerlijk in de tandheelkunde 
en de tandheelkundige diagnostiek. De huidige methoden zijn echter niet 
of onvoldoende geschikt om de lachlijn adequaat vast te stellen. Zij 
bepalen namelijk alleen de lach op verzoek en niet het spontaan lachen. 
Verder zijn er weinig empirische gegevens bekend met betrekking tot de 
zichtbaarheid van het gebit tijdens spontaan lachen en spreken. Ook zijn 
er nog onvoldoende gegevens bekend over de invloed van iemands 
leeftijd op de lachlijn en de zichtbaarheid van het gebit daarbij.  
 
In Hoofdstuk 2 wordt de ontwikkeling van een methode beschreven om 
de zichtbaarheid van het gebit en positie van de lippen te meten tijdens 
lachen en spreken. Het betreft de digitale videografische meetmethode. 
De zichtbaarheid van gebitselementen en de positie van de lippen tijdens 
lachen en spreken zijn belangrijke uitgangspunten voor de esthetische 
analyse in de orthodontie en de maxillo-faciale chirurgie. Spontaan 
lachen en spreken moeten daarbij als wezenlijke onderdelen in de 
diagnostiek worden opgenomen. Niet volstaan kan worden met een 
(sociale) lach op verzoek. 
In dit hoofdstuk is de videografische meetmethode in de klinische 
praktijk toegepast en de betrouwbaarheid ervan onderzocht. Met een 
digitale videocamera werden de uitdrukkingen op de gezichten van 20 
proefpersonen, tijdens het kijken naar een videofilm, vastgelegd en 
geobserveerd. Het vertonen van een komische film met ‘practical jokes’ 
maakte het mogelijk om het spontane lachen van de proefpersonen op te 
nemen. Door de digitale videocamera te verbinden met de computer, kon 
de dynamiek van het spontane lachen beeld voor beeld worden 
geanalyseerd en als foto worden vastgelegd. Met behulp van een 
meetprogramma kon de zichtbaarheid van de gebitselementen en de 
positie van de lippen digitaal worden bepaald. Voor de 
betrouwbaarheidsanalyse van de digitale videografische meetmethode 
werd de spontane lach twee maal als foto vastgelegd en door twee 
beoordelaars onafhankelijk van elkaar opgemeten. Ook voor het 
onderzoek van de (sociale) lach op verzoek en spreken werd de 
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betrouwbaarheid van de methode nagegaan. De betrouwbaarheid werd 
onderzocht met behulp van de generaliseerbaarheidstheorie, waarmee de 
integrale precisie kan worden vastgesteld van de beoordelaarsfactor, de 
hermetingsfactor en de selectiefactor. 
De generaliseerbaarheidcoëfficiënten varieerden tussen 0,99 voor de 
incisieven en 0,80 voor de molaren. Eventuele onnauwkeurigheden van 
onze methode bleken samen te hangen met de beoordelaars- en 
selectiefactor. De hermetingsfactor was het minst verbonden met 
eventuele onnauwkeurigheden.  
Met behulp van deze digitale videografische meetmethode kan dus 
de zichtbaarheid van de tanden en de positie van de lippen tijdens de 
situaties van spontaan lachen, de (sociale) lach op verzoek, en spreken 
betrouwbaar worden bepaald. De toepassing van deze methode (inclusief 
het kijken naar de komische videofilm) is in het bijzonder geïndiceerd in 
gevallen waarbij een ongeremde spontane lach met moeite verkregen kan 
worden, zoals bij patiënten met schisis of andere ernstige afwijkingen in 
het gelaat.  
 
Hoofdstuk 3 behandelt het onderzoek naar de aantrekkelijkheid van de 
lach en de zelfperceptie van de patiënt daarbij. De rol van de lachlijn en 
van een aantal andere esthetische aspecten op de zelfperceptie werd 
geanalyseerd en de invloed ervan op persoonlijkheidskenmerken 
onderzocht. 
Aan de proefpersonen werd gevraagd om de aantrekkelijkheid van 
hun lach te beoordelen aan de hand van een vragenlijst met een spontaan 
lachende foto van zichzelf erbij. Naast een algemene beoordeling van de 
aantrekkelijkheid van hun lach en de tevredenheid ermee, werd ook 
specifiek gevraagd naar een beoordeling van de grootte en kleur van de 
tanden, de stand en zichtbaarheid van de tanden en de zichtbaarheid van 
het tandvlees en de hoogte van de lachlijn. Bij iedere proefpersoon was 
de hoogte van zijn lachlijn bepaald met behulp van de digitale 
videografische meetmethode. Zo was er dus een subjectieve en een 
objectieve beoordeling. De persoonlijkheid van de proefpersonen werd 
bepaald door afname van de NPV (Nederlandse Persoonlijkheids 
Vragenlijst). 
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De betrouwbaarheid van onze vragenlijst was hoog (Cronbach’s 
alpha = 0,77). Uit de resultaten kwam naar voren dat de grootte van de 
tanden, de zichtbaarheid van de tanden en de hoogte van de lachlijn 
bepalend waren bij de zelfperceptie van de aantrekkelijkheid van de lach 
(sociale dimensie). De kleur van de tanden en de zichtbaarheid van het 
tandvlees waren bepalend voor de tevredenheid met het uiterlijk van de 
lach (individuele dimensie). De lachlijn werd door de proefpersonen als 
meest esthetisch ervaren, wanneer tijdens het lachen de gebitselementen 
geheel zichtbaar waren en ook het tandvlees (2 tot 4 mm) werd getoond. 
Veel zichtbaar tandvlees tijdens het lachen werd echter als negatief 
ervaren. Een negatieve perceptie van zichtbaar tandvlees toonde een 
samenhang met de persoonlijkheidsfactoren neuroticisme en 
zelfwaardering. Positieve percepties van de zichtbaarheid en stand van de 
tanden hingen samen met de persoonlijkheidsfactor dominantie.  
Deze onderzoeksresultaten tonen het belang aan van een 
aantrekkelijke lach op psychosociaal en tandheelkundig gebied. 
 
Hoofdstuk 4 behandelt de equivalentie van spontaan lachen, bepaald met 
de digitale videografische meetmethode, en het (sociaal) lachen op 
verzoek, dat tot dusver vooral gebruikt wordt in de diagnostiek. Daarbij 
werd gekeken naar de verschillen in de zichtbaarheid van de tanden, de 
positie van de lippen en breedte van de lach. 
Bij dit onderzoek werden allereerst bij 122 proefpersonen de 
gezichten afzonderlijk gefilmd en het spontane lachen vastgelegd, terwijl 
zij keken naar een komische film. Vervolgens werd een opname gemaakt 
van hun (sociale) lach op verzoek. De lach werd geanalyseerd en 
beoordeeld met behulp van de digitale videografische meetmethode. 
Metingen werden uitgevoerd om de positie van de lippen in de boven- en 
onderkaak, de zichtbaarheid van de tanden en de breedte van de lach 
tussen de mondhoeken te bepalen. De metingen van (sociaal) lachen op 
verzoek en spontaan lachen werden vergeleken. Het bleek dat in de 
bovenkaak de liplijn tijdens spontaan lachen significant hoger ligt dan 
tijdens (sociaal) lachen op verzoek. Tijdens lachen op verzoek was de 
zichtbaarheid van de (pre)molaren tot 30% minder in vergelijking met 
spontaan lachen. Daarnaast bleek de breedte van de lach significant 
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minder bij de lach op verzoek. Ook in de onderkaak was er sprake van 
verschillen in lippositie en zichtbaarheid van de gebitselementen. Tijdens 
het lachen op verzoek waren de onderelementen minder zichtbaar, omdat 
deze meer werden bedekt door de onderlip. Vanuit diagnostisch oogpunt 
is het daarom geïndiceerd om spontaan lachen te registreren naast  de  
(sociale) lach op verzoek. Als methode is daarvoor de digitale 
videografische methode nodig vanwege het dynamische verloop van het 
spontaan lachen. Op die wijze wordt een realistischer beeld verkregen 
van de hoogte van de liplijnen, de ‘smile arc’, de ‘buccal corridors’, en 
het vlak van occlusie. 
 
In Hoofdstuk 5 wordt het onderzoek beschreven naar de invloed van het 
ouder worden op de hoogte van de lachlijn en de zichtbaarheid van het 
gebit tijdens spontaan lachen, spreken en in rust. Tevens werd in het 
algemeen onderzocht of de hoogtes van iemands liplijn een consistent 
patroon volgen tijdens spontaan lachen, spreken en in de rustsituatie.  
De onderzoeksgroep betrof 122 mannelijke proefpersonen, die 
steekproefsgewijs waren geselecteerd uit drie leeftijdscategorieën (20-25 
jaar, 35-40 jaar en 50-55 jaar). De hoogtes van de liplijn werden bepaald 
met de digitale videografische meetmethode voor de analyse van de lach.  
In de bovenkaak bleek de liplijn tijdens spontaan lachen in het 
algemeen hoger te liggen bij de premolaren dan bij de frontelementen. In 
75% van de proefpersonen maakten alle bovenelementen tot en met de 
eerste molaar deel uit van de esthetische zone. Significante correlaties 
bevestigden dat de hoogte van iemands liplijn in de bovenkaak een 
consistent patroon volgt tijdens spontaan lachen, spreken en in 
rustsituatie. Bij de oudere proefpersonen echter, daalde de liplijn in de 
bovenkaak significant in de genoemde functionele situaties. Bij hun 
spontaan lachen was er sprake van een ongeveer 2 mm lagere liplijn. Ook 
in de onderkaak traden er significante veranderingen op in de hoogte van 
de liplijn bij de oudere proefpersonen. Tijdens spontaan lachen nam de 
zichtbaarheid van de onderelementen af, maar met de lippen in de rust 
situatie nam de zichtbaarheid juist toe. De lengte van de bovenlip 
vertoonde een significante toename van bijna 4 mm bij de oudere 
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proefpersonen. Het optrekken van de bovenlip tijdens spontaan lachen 
veranderde echter verhoudingsgewijs niet significant.  
De significante afname van zichtbaarheid van de bovenelementen 
ten gevolge van een dalende positie van de lip geeft aan, dat in de 
orthodontische diagnostiek en behandeling rekening gehouden dient te 
worden met de effecten van ouder worden. 
 
In Hoofdstuk 6 wordt een onderzoek beschreven waarin het nauwkeurige 
meten van de hoogte van de lachlijn wordt vergeleken met het schatten 
ervan, visueel. Met behulp van de digitale videografische methode is het 
mogelijk om het spontane lachen vast te leggen, te analyseren en de 
hoogte van de lachlijn te meten. Echter, niet voor alle esthetische 
analyses in de tandheelkundige praktijk zijn exacte metingen vereist. 
Tevens is de kwantitatieve meting van de lachlijn relatief tijdsintensief en 
daardoor minder geschikt voor screenings-doeleinden. Naast de 
kwantitatieve meting is het mogelijk om de hoogte van lachlijn op 
videografische beelden niet te meten maar te schatten. Deze schatting 
vindt plaats aan de hand van een categorisering en wordt aangeduid als 
een semi-kwantitatieve methode. De semi-kwantitatieve methode kan 
gebruik maken van 3 categorieën (lage-, gemiddelde- en hoge lachlijn) of 
4 categorieën (lage-, gemiddelde-, hoge- en ‘gummy’ lachlijn). De 
toepassing en de betrouwbaarheid van de semi-kwantitatieve methode 
met 3 en 4 categorieën werd onderzocht bij 122 proefpersonen. Bij de 
semi-kwantitatieve schattingen waren twee beoordelaars betrokken en 
een hermeting werd uitgevoerd. Daarnaast werden kwantitatieve 
metingen van de lachlijn uitgevoerd met de digitale meetmethode, die 
voorheen reeds onderzocht en betrouwbaar bevonden was. Op deze wijze 
was het mogelijk de semi-kwantitatieve schattingen van de hoogte van de 
lachlijn te toetsen aan de kwantitatieve metingen ervan.  
De inter- en intra-beoordelaarsbetrouwbaarheid bleken hoog waarbij 
de mediaan waardes van kappa varieerden tussen 0,79 tot 0,88. De 
overeenstemming tussen de semi-kwantitatieve schatting met 3 
categorieën en de kwantitatieve metingen was hoger (mediaan kappa 
0,76) dan de overeenstemming tussen de semi-kwantitatieve schatting 
met 4 categorieën en de kwantitatieve metingen (mediaan kappa 0,66). 
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De betrouwbaarheid van de semi-kwantitatieve schatting van een lage-, 
gemiddelde- en hoge lachlijn (3 categorieën) was dus hoog en benaderde 
de kwantitatieve metingen van de lachlijn. Gesteld kan worden dat de 
bepaling van de hoogte van de lachlijn betrouwbaar uitgevoerd kan 
worden met de semi-kwantitatieve schatting met 3 categorieën. Indien er 
echter sprake is van patiënten met een ‘gummy’ lachlijn, dan zijn ook 
kwantitatieve metingen geïndiceerd voor aanvullende diagnostiek. 
 
In Hoofdstuk 7 worden de resultaten van het onderzoek naar de hoogte 
van de lachlijn en de zichtbaarheid van het gebit bediscussieerd. 
Aanbevelingen voor verder onderzoek worden gedaan, gericht op de 
beleving van de esthetiek van de lach en mond door patiënten, en in de 
context van de lichaamsbeleving van een individu ook in interactie met 
anderen. Ook wordt verder longitudinaal onderzoek aanbevolen naar de 
invloed van het ouder worden op de lachlijn en zichtbaarheid van de 
gebitselementen. De snel ontwikkelende technologie voor het vastleggen 
van emoties, zoals ‘face detection’, kan een belangrijke bijdrage aan het 
verdere onderzoek leveren. 
  
 
Dankwoord 
Dankwoord 
 
Wanneer u dit proefschrift leest, dan zult u het met mij eens kunnen 
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Koninklijke Luchtmacht, heb ik de mogelijkheid gekregen om dit 
‘onderzoek naar de lachlijn’ uit te voeren. Voor de toestemming en 
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